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‘ SUMMARY ’
PROBLEM
Develop a computer model for calculating the vertical and horizontal
directionality of low-frequency ambient noise for an ocean environment.
RESULTS
A FORTRAN computer model has been developed. The Research
§ Ambient Noise Directionality Model (RANDI) has given results in good
k- agreement with measured data for the Pacific, Atlantic,and the Mediterranean.
# RECOMMENDATIONS
RANDI noise calculations should be compared with ambient noise )
3 measurements for other ocean areas, seasons, and noise-source distributions ] ]
k- as «data, sufficiently documented for validation purposes, become available.
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A computer model for calculating the vertical and horizontal directionality of
ambient noise and some of the results which have been obtained are discussed. The
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levels are obtained for various propagat on conditions and for different sensor depths.
Results agree well with experimental da'a, and it is shown that the model can be a
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INTRODUCTION

The Research Ambient Noise Directionality Mod2i (RANDI) is an operating general-
purpose FORTRAN Program that calculates and displays, via CALCOMP plots, tlie vertical
and horizontal directionality of low-frequency (betwzen 10 and 500 Hz) ambient noise for
an ocean environiment. This first-phase program will te used in the design of amhient sioise
measurement experiments and in surveillance systems analysis studies. A variuble-dependent
approach based on system and environmental param-ter variance makes this model inappro-
priate for synoptic forecasting. It will be improved and validated as time, data, an ! state-of-
the-art permit.

BACKGRCUND

The ambient ncise at any particular poir.t in the ocean depends upon the amount and
location of noise-generating sources and the na-.ure of the local acoustic propagation condi-
tions, i.e., how the noise gets from the generator to the measuring sensor.

Sound in the ocean travels in curved Jr refracted paths and w.ll arrive at a hydrophone
from various vertical angles, depending on t'ie depth of the source and the hydrophone and
or: the separation range. The path an indiv'dual sound ray travels can include surface reflec-
tions and bottom bounces, as illustrated ir the ray diagram (Fig. 1). The bottom bounce
paths will generally have the highest soun: energy losses, while the paths which do not make
contact with either the surface or the bo’tom will have the smallest transmission losses. The
vertical angle between one of these latte rays and the horizontal is generally less than 15 dez
at any range, vhile the rays making con:act with the surface or bottom can have vertical
angles approaching 90 deg. This effect.vely divides the sound rays into three distinct groups:
(1) rays which come in contact with t!ie bottom and arrive at angles from approximately 15
to 90 deg down from the horizontal;+ 2) the near-horizontal or SOFAR Channel rays, which
touch neither surface nor bottom anri, (3) the rays arriving at angles above 15 deg and which
originated or were reflectec from ne:r the surface.

There are many sources of ti0ise, the most important being winds, waves, shipping,
thermal agitation and biological ard seismic activity. The noise due to winds, waves, and
shipping originates near the surface and arrives at the sensor along paths which travel near
or reflect from the surface. In th: case of distant sources, the noise travels by wzy of the
SOFAR Channel and will arrive, at a sensor located within the channel, from nearly hori-
zonta! angles. Noise from near ources (within a few hundred miles) will arrive at angles
closer to the vertical than does the SOFAR Channel noise. Thermal noise comes from
thrcughout the medium and czn arrive at any angle or from any direction. Seismic noise
would be expected to arrive along those paths which come in contact with radiating or re-
fiecting surfaces, including th.: bottom and distant scamounts. Biological noise, however,
oniginates along the surface, “he bottom, and throughout the mediuzn.
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Figure L. Ty pical ray trace diagram.

The net effect of propagating—to the sensor—the noises from such a highly stratified
distribudon of noise generators s a noise field having vertical directionality, i.c.. noise level
dependent on vertical arrival angle, as illustrated in Fig. 2.

Various ambient noise models have been proposed which include part of the major
noise sources and invoke certain simplifying assumptions to produce a medium less hostile
to mathematical description in an attempt to render the problem solvible and yet obtain
meaningful results. Few investigators have succeeded, and then only in highly specialized
cases. There is documentation on several of these ambient noise directionality models. In
the opinion of the author, none is adequate for use in the design of detailed directional
noise measurement experiments or for use in surveillance systems analysis studies. Miller
(Ref. 1) and Urick (Ref. 2), for example, proposed theoretical models which require a zero
sound-speed gradient. These models cannot account for surface-generated noise arriving at
angles below the horizontal or for bottom noise (biological. scismic) arriving at angles above
the horizontal. except by reflection from the bottom or surface, respectively. This results
in a distorted directional noise pattern with abnormally low levels near the horizontal,
Talham's model (Ref. 3). on the other hand. includes realistic sound-speed profiles but
applies only to bottom-mounted hydrophones. Bartberger (Ref. 4) considered only ship

v
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Figure 20 Ty pical ambient noise vertical dircctionality plot.

noise from a uniform distribution ot surface ships. thus restricting the usefulness of his
model to the 20- to 100-Hz region. Finally, the MOSS Ambient Noise Model developed
jointly by the Navy and Bell Telephone Laboratories calculates the expected vertical
directionality of the noise field tor seven ocean areas for the mean summer and winter
cenditions for acoustic propagation, wind speed, and shipping. A more general area-
independent model is desired.

In addition to the limitations already discussed, none of the above models considers
horizontal directionality, noise due to distant sources (SOFAR Channel noise), or noisc of a
biological or transient nature, nor does any contain sufficient provision for considering vari-
ances in system characteristics. For these reasons RANDI was developed for use in the de-
sign of ambient noise measurement experiments and the analysis cf surveillance systems.

'AMBIENT NOISE DIRECTIONALITY'MODEL

MODEIL DESCRIPTION

RANDI utilizes one or two of three different scurces for the prepagation loss between
tht noise generators and the sensor. The first source is a self-contained lincar raytrace routine,
one which approximates the sound-speed profile by a series of straight-liac scgments and cor-
rects for carth curvature. Sce Ref. § for a detailed description.

The second source is a sct of propagation loss versus range and arrival angle srrays
which is input as data. 1f the propagation loss is input, RANDI wil! bypass the raytrace
routine. Hence, ambient noise calculations by RANDI can be based on propagation loss
values from ray theory (its own or nearly any other raytrace model, including those that
account for variable bottom topography and horizontal changes in the sound-speed profile),
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normal-mode theory, experimental measurements, or any method by which propagation
loss versus range and arrival angie might be obtained. This second source of propagation
loss can be extremely useful when operating RANDI at the relatively low frequencies of
many passive surveillance systems, where the validity of ray theory becomes quastionable
and normal-mode theory more attractive.

The third form of propagation loss utilized by RANDI is for sound energy tiavsling
frora distant sources to a sensor located within the SOFAR Channel. RANDI calculates the
propagation loss in this case by consicering the effects of frequency-dependent attenuation
and spreading loss increasing with fifteen times the log of the average range to the conti-
nental shelf or the range to where the SOFAR Channel reaches the surface (as in northern
laiitudes).

In addition to distant noise, RANDI considers five other sources of isotropic and
anisotrepie surface and volumetric noise (Fig. 3): shipping, sed state 0, biological, 1ain, and
wind-wave interaction.

The surface noise is generated by an infinite number of point sources distributed
along a horizontal “noise source plane” just below the surface (Fig. 4). The depth of this
plane is set at 20 ft, since the main ship noise radiators (screws, shaft, and hull) are near
this depth, and surface wave action extends well below the surface. The shipping noise
generators are nonuniformly distributed, while the wind-wave and rain noise generators are
uniformly distributed. The noise resulting from any of these three sources is anisotrogic.
Sea state O and biological noises come from a uniform volumetric distribution of noise gen-
erators centered around the sensor and result in isotropic noise. The SOFAR Channel noise
received by a sensor located within the SOFAR Channel is also isotropic for all channeled
ray angles. The total noise field, then, is part isotropic and part anisotropic.
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A target capability is also included in RANDI. By specifying the oceanographic,
environmental and noise conditions, and a target location, depth, and frequency spectrum
or line component, the Surveillance System Analyst receives, by way of plot and printed
output, the levels and angles of target multiple arrivals superimposed on the ambient noise
arrivals (see Figs. B-4 through B-13). Such a capability can make RANDI a useful too! in
the design, analysis, and optimization of surveillance sysiems.
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MATHEMATICAL DESCRIPTION

The anisotropic shipping noise squared pressure spectrum level SNL (for a 1-Hz band)
in the model is obtained from surface noise generators which have a radiated sound pressure
level varying with frequency. The following empirical expression, which has characteristics
similar to the spectra given in Fig. 71 of Ref. 6, is utilized:

o g iy

A

SNL (rc uPa) = Ag — 10 log (10-1-010gf'+1.16 4 1(+3.3 logf'~6.27)
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Figure 4. RANDI model noise ficld.

where

90 no distant noise sources

Ao = 85 distant noise sources specified

: f'=f-2SHIPD+12
f = number of hertz
SHIPD = shipping density indicator (0 - 7)
= = SPEED = number of knots of noise-source ships’ average speed

LENGTH = number of feet of noise-source ships’ average length

The squared pressures obtained from the levels given by this functicn are distributed over the
noise source plane in such a way to result in effective squared pressures for unit area at unit
distance (the mechanics are described in the section on model calibration) with magnitude
varying in range and azimuth in such a manner to be proportional to the density of an input
shipping density distribution ASHIP (ship density vs range array) or a shipping density in-
dicator SHIPD (no shipping to heavy shipping on a scale from zero to seven). A similar
expiession was used for the squared pressure level due to distant sources DSL, since ship-
ping is the major contributor at low frequencies and the higher frequencies are severely
attehuated at SOFAR Channel propagation ranges.

{ oL
=7 The squared pressure spectrum levels for the anisotropic noisc WNL due to
wind-wave interaction were obtained from a fit to the data of Perrone (Ref. 7) and are a

K function of wind speed and frequency as follows:
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3
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- f ;
3= & WNL (reuPa) =—18 logf + 96
k. ? + [9.66 (log )2 — 26 logf + 27.31(0.065 WSPD07)
é« where WEPD = number of knots of wind speed in the vicinity of the sensor.
' These levels are converted into mean squared sound pres: .re in a 1-Hz band and
» further modified by 2 multiplying factor to achieve directionality of the source at high fre- 3
‘ quencies and nondirectionality at the lower frequencies as indicated by Becken (Ref. 8).
b The wind noise squared pressure modifier used in the model is the following: :
f Squared pressure multiplier = 1 — (1 = cos™ ¢)(0.002 f - 0.02) “
5 where ¢ = angle (in degrees) from the vertical that the ray makes at the source, and e
i .
3 90— %
N ¢ 0<¢<70
53 10
25 n=
2 70<$<90 :
- The following furction, obtained from the data of Franz (Ref. 9), gives, for rain, S
p- the expected noise squared pressure level RPL in a 1-Hz band and is distributed unijormly
b along the horizontal noise plane in a manner similar to the wind-wave noise. :
; RPL (re uPa) = 5.5 log f + 50.5 + 14.5 log (RAIN)
; where RAIN is the number of inches of rainfall per hour in the vicinity of the sensor. i '
‘i ] Isotropic sea state 0 ncise squared pressure spectrum level SSO is that noise which is
- measured under the ideal conditions of no wind, calm surface, no biological activity, and
b - negligible shipping. It varies with frequency and is independent of d=pth and geographic :
?5 location. The equation for SSO (for a 1-Hz band) was obtained by » quadratic fit to data
ge of Wenz (Ref. 10): -3
e | SSO (rc uPa) = 4.22 (log ) — 33.4 log f + 89.1 B
. A volumetric or isotropic distribution was chosen for biological noise in the absence
e of data indicati~g otherwise. This noise varies with time of day and relative amount of ac- P
? : tivity expected at a particular site. An activity indicator on a scale from zero to ten is an )
? input to the model. The equation for the biological noise squared pressure spectrum level .
R BPL is of the following form:
y =y BPL (re uPa) = 0.00175 (100 — f) sin [0.00262 (hr — 300)] ACTIVITY ;
i o
s — 16.96 (log f)? + 50.1 log f + 45.1 ¥
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where the 0 < ACTIVITY < 10 and hr is the local time of day (military designation
0000-2400).

The sound pressure spectrune level TSL for a target source is accepted by the model
by reading in the appropriate coefficients A;, i = 1, 3, of a third-degree polynomial

TSL = A; (logf)? + A, (logf)? + A, logf + A,

In the event that the line component is the dominant feature in the band of interest, A is
the level of the line. Also specified by the user are the initial target range and depth, the
numbers of target ranges and depths to be calculated, and the increments in range and depth
to be used.

COMPUTATIONAL PROCEDURE

All of the noise and target squared pressure spectrum levels are integrated over a
user-specified bandwidth by means of an input frequency response function. If none is
specified, a 1-Hz bandwidth and a constant bandpass frequency response function are
assumed.

The squared pressure received for a differential vertical angle is obtained by first
calculating the area defined by Jhe interscctions of the corresponding ray bundle with the
noise source plane. These areas are multiplied by the local effective squared noise pressures
for unit area at a distance of 1 yard. The resulting squared pressures are then reduced to
account for propagation loss and summed. To this value is added the contribution of the
isotropic noise sources. The result is further reduced to account for the vertical response of
an individual hydrophone or an array of hydrophones. If no response function is specified,
it is assumed omnidirectional. The final squared noise pressure arriving at that angle is
stored for output and the process is repeated for an adjacent ray bundle at a new vertical
angle.

In the case where horizontal directionality is desired, the ocean is divided into n
regions by passing vertical planes through the sensor location at 360/n deg. The ocean is
then effectively divided into n regions, similar to a huge sliced pie of infinite radius whose
thickness is equal to the ocean depth at the receiver location. The pertinent environmental
and noise parameters arc specified separately for each “pie slice” region. Hence. the calcu-
lations performed for one region are independent of the calculations performed in adjacent
regions. The total squared noise pressure, that which would be measured by an omnidi-
rectional hydrophone, is obtained by summing the squared noise pressures for the n inde-
pendent “pie slice™ regions. An example is given in Appendix B, Figs. B-6 through B-11.

An explanation of terminology used in the ambient noise directionality illustrations
is necessary before results can be interpreted. Noise level refers to the per steradian mean
squared pressure spectrum level.  Vertical reccived angle is the angle at the sensor the inci-
dent ray makes with the horizontal. The negative rays are downcoming rays at the sensor,
with the ray having a vertical received angle of --90 deg being the ray which arrives from
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the surface directly above the sensor. The rays with positive angles arrive at the sensor
from angles below the horizontal.

Unlike noise, targets are treated as point sources at specific ranges and dept%s. How-
ever, the received signal squared pressures are similarly influenced by the bandwidii, fre-
quency response function, and the vertical beam response function.

To aid the user, many o1 the model inputs have been initialized in data statements.
This eliminates the repeated input of variables which are common to many situations and
yet allows the initial values to be suppressed in ihe event that different values are desired.
Those parameters which have been initialized are given in the model input section of the
program listing. Appendix C.

MODEL CALIBRATION PROCEDURE

The functional relationships used for noise express the pressure spectrum levels one
would expect to measure and are not source levels. To get the effective source levels at a
distance of 1 yard (for unit surface arca) for distributions of noise generators requires re-
moving from the original levels the effects of frequency-dependent attenuation in the me-
dium and then normalizing to a unit of surface area. This is accomplished by distributing
the noise generators along the horizontal noise plane and propagating the noise 2t different
frequencies. A calibration function can then be obtained which is added to the original
levels to yield corrected levels and eliminate bias. This effectively removes the effects of
frequency attenuation in the original levels and converts them to source levels for unit sur-
face area. Finally, the output of the model is adjusted to coincide with measured data for
one set of conditions (frequency, depth, wind speed, etc.) at one location.

This calibration is dependent on the manner in which the noise sources a:: distributed
and tke method by which the noise generation area is calculated and is independent of the
medium. Hence. once this calibration is performed for one set of conditions at one location,
it need not be done for other conditions or locations. The initial calibration was performed
using Marine Physical Laboratory (MPL) Pacific ambient noise data (Ref 11) and shipping
information provided by Western Seas Frontier.

MODEL VALIDATION

The final step, validation, has not yet been completed. This requires comparing the
model output with measured data for many different locations, seasons, depths, freaucncies,
shipping distributions, wind speeds, etc. Tentative plans include comparing with the
IOMEDEX data. which were taken in the Mediterranean during November 1971. Com-
parison with other data sets for different conditions will be done as data become available.
Although a large quantity of data is now readily available, the lack of shipping information
for the time interval during which the measurements were taken disqualifies it. Nearly all
historical ambient noise data are inappropriate for model validation.
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DISCUSSION OF RESULTS

GENERAL RESULTS

Examples of output from the model for three different geographic locations (Fig. 5)

S have been included to illustrate both the capability of the model and variability in the di-
e rectional character of the noise field resulting from differences in sensor depth and acoustic

propagation (Figs. 6, 7, and 8). Profiles which generally characterize summer conditions in
the Pacific, Atlantic, and Mediterranean were chosen.

It is interesting to note the existence of the trough (low level of noise) in the noise
field near the horizontal. This condition results from the horizontal rays at the hydrophone

SOUND SPEED, ft/sec
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Figure 5. Sound-spced profiles for Arcas 1, 2,and 3.
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! being unable to reach the surface, where the wind and shipping noise is generated. In two

cases, as the depth increases, the trough becomes narrower and eventually disappears, indi-

; cating that only near the bottom will the horizontal rays *“‘see” the surface. In the other

‘ case, however, the trough gets wider as the depth increases. This results from the sound
speed at the bottom being much less than that at the surface; hence, horizontal botiom rays
can never reach the surface. Energy within the trough arrives from distant sources. The
trough levels are determined by the amount of energy which has become trapp.d within the
SOFAR Channel. There can be a trough, or it can be filled in, depending on whether the
energy per arrival angle due (o near sources is greater or less than that due to distant sources.
The total amount of sound energy received from the distant sources depends on the total
number of ships over the continental slope and shelf, range to the shelf, and the total channel

; “look” angle at the sensor depth.

| The lower leve! of sound at down going angles, greater than approximately 15 deg,
compared to the up going aigles, less than —15 deg, results from bottom loss. The upcoming
ravs, having bounced off the bottom before reaching the receiver, suffer a loss in energy not
exyerienced by rays coming from the surface. This accounts for the asymmetric shape of

the noise plots.

MODEL QUTPUT-MEASURED DATA COMPARISCN

ERH AT

Ambient noise data obtained by MPL (Ref. 11) during their April and May 1971
FLIP ambient noise measurements were utilized for the initial model calibration and to per-
form a level-variable dependence check.

b

Yk

The model was initially calibratcd at 50 Hz and 100 m receiver depth by reading in
the measured wind speed and re~orded shipping data and adjusting the model output to
correspond to the measured nc se level for a single day of the 15-day series of measure-
ments. The output of the mod:, was then compared with the measured data for other fre-
quencies, depths, wind speeds and shipping distributions.

Figures 9a and b are examples of how RANDI compares with the MPL data as a
function of time. Only every other point of the original MPL data (one each day) has been
retained to compare with the model, since the shipping distribution near the FLIP site was
reportzd only once each day. Figure 9a is a comparison of the MPL data and the RANDI
i output for 200 Hz at 560 m receiver depth. This frequency is of particular interest in
f chezking the output of the model. since, at this frequency, both shipping and wind-wave
‘ interaction make significant contributions to the total noise level. This figure indicates that
the model is, in general. within 2 or 3 dB of the mecasured data. The anomalous results can
be explained by the presence or lack of nearby (within the same l-deg square as FLIP) ship-
ping which was reported (erroneously perhaps) but was not seen by FLIP personnel or could
have been close to FLIP’s position but not reported. The agreement at 400 Hz (Fig. 9b) is
similarly encouraging for such a rough initial calibration.
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Figure 9c compares the aoisc levels calculzted jor MPL by CAPT Paul Wolff
(Ref. 11) using two different noise models, the noise as calculated by RANDI and the
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Figure 9. RANDI model-measused data comparison for scveral frequencics and depths (Ref. 11).
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MPL data for 100 Hz at 100 m depth. Again the agreement between RANDI and the
MPL data is good.

RANDI also indicated that the noise field should have a depth dependence. The
total reduction in noise level as the sensor depth increased from 100 to 3930 n was calcu-
lated to be 6 dB at 50 Hz and 4 dB at 400 Hz. The data, however, showed a reduction of
about 10 and 4 dB, respectively, for the same conditions. The discrepancy at 50 Hz is
largely attributable to not specifying distant (SOFAR Channel) noise sources in RANDI
when the comparisons were made. This could easily add the required 4 dB, since the
total SOFAR Channel “look angle™ at the axis 1s approximately 22 deg and the nearby
shipping was relatively light. A similar depth dependence was observed by Lomask and
Frassetto in the Mediterranean, where they utilized the bathyscaph Trieste (Ref. 12). Weigle
and Watt (Ref. 13), however, generally observed less than 3 dB depth dependence in the
Mediterranean for the same frequency range. The environ:nental and shipping data from
Ref. 13 were used as input for RANDI to enable comparison with the measured data. The
results are presented in Table 1. Since the data are classified, only the differences in the
measured and calculated (by RANDI) levels are given as a function of frequency and depth.
It is interesting to note that although RANDI was calibrated with Pacific data, where the

ambient noise levels are about 20 dB less thanr in the Medite ranean, RANDI calculated the
Mediterranean noise within about 1 or 2 dB.

RANDI was also used to obtain the horizontal directionslity of the ambient noise
for one shipping distribution and wind speed during the FLIP ambient noise measurement
program. The results are given in Figs. B-6 through B-11.

FUTURE IMPROVEMENTS

Improvements in the current ambient noise directionality model will be made as
time and state-of-the-art permit.

Transient noise, inciuding noise from seismic disturbances and explosions, is of con-
siderable interest and will be included in RANDI within the immediate future.

SUMMARY

RANDI is a working FORTRAN model which calculates and plots the directional
character of low-frequency ambient noise in the ocean environment. This model is con-
ceptually simple and will be improved as time and state-of-the-art permit. It is intended to
be a tool to aid in the design of noise measurement experiments and in surveillance systems
design and evaluation and not for ambient noise synoptic forecasting.
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Table 1. Comparison of RANDI Output and Measured
Nolsc Pressure Spectrum Level Data From the
e Meditcrranean (Ref. 13).

: %( i Frequency, Hz Depth, £t Difference in Level, dB v :‘
1 3 20 925 ~1.0 4
. 1728 - . -0.6 E
, ’ 3785 1
= : 5795 -1.9
: : 6730 -1.8 :
73
&3 50 925 15
1728 2.6
58 3785 04
= - 5795 2.7
7 ; 6730 4.5
’ 100 925 0.5
1728 0.0
3785 03
5795 1.1
6730 24
b 200 925 -1.2
o 1728 ~1.6
=3 3785 -2.8
I 5795 -0.5
B4 6730 -0.1
400 925 0.2
5 1728 0.3
3785 -1.6
‘ 5795 ~16
e 6730 -04
3 500 925 0.5
1728 -0.7
3785 -0.5
5795 -1.6
6730 -1.1
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Appendix A
RANDI SUBROUTINE ﬁESCRlFTIONS AND FLOW DIAGRAM

Figure A-1 illustrates how the main or executive routine controls the flow of logic
through the 21 subroutines which comprise RANDI. This figure can also be used as a guide
in *streamlining” RANDI by removing those subroutines which will not be required by the
user. In such a case, “dummy” or “empty” subroutines are substituted for the originals.

For example, RANDI could easily be loaded into a relatively small computer when the prop-
agation loss versus range is to be read in and no sound-speed profile plot is required. This

is accomplished by substituting “empty’ subroutines for TARGET, RAPATH, SUMINT,
RAYTRC, YVERTEX, HSURF, SCLNCE and SSPLOT. If only a printout is desired, PLT
could also be deleted.

The following is a brief functional description of each subroutine:

ALFA contains the equation for the absorption coefficient as a function of frequency
and water temperature.

AUXPR calculates sea surface area intersected by a ray bundle and sums squared sound
pressure when propagation ioss is read in.

BIO contains equation for biological noise as a function of frequency, time and
biological activity indicator.

BWIDTH integrates noise or target spectrum using an input bandwidth response function.
ERTHC corrects the sound speed profile to include the effects of earth curvature.

FUNS obtains the squared noise pressure from the shipping histogram array for a
given range.

FUNU linearly interpolates between two points.
HLOSS  computes absorption, spreading and refraction losses.
HSURF  computes surface reflection losses. ‘

PLT plots noise and target levels

PRINTS prints input and initial variables.
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RAPATH generates ray paths and corresponding propagation losses.

RAYTRC determines path taken by each ray.
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READIN reads input purameters.

Nt

o

olicnd W

SCLNCE produces convenient set of scale numbers for sound-speed profile plot.

L

RNy

SHIPIN  constructs the ray for the shipping noise squarcd pressure versus runge histogram.

‘

i
un
#

[ —

SSPLOT plots sound-speed profile.

SUMINT calculates sea surface area intersected by a ray bundle and sums squared sound
pressure when propagation loss not read in.

&

e T

SURFI  contains the squared pressurc levels for thermal, shipping, wiha=-wave and ruin

A, A BN S SAMIRTI —

& noise generators,
i :
S g TARGET traces rays from target to sensor and computes recelved signal levels and arrival
78 i angles.
A ¢
L : VERTEX computes greatest and shallowest depths reached by ray
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RANDI INPUT DATA AND FORMAT

Input data cards for RANDI include parameter cards, array cards and run-control
cards.

A RANDI input parameter card consists of an arbitrary number of paramerer fields
in free format. Each parameter field is separated by a comma, oblique, or blank space and
contains the parameter name followed by an equal sign and then the value the parameter is
to.be assigned for that and subsequent consecutive runs or until a new vatue is assigned. The
array cards contain the name of the array followed by an equal sign, which is immediately
followed by the first value in the array. Subsequent values are separated by a blank space.
Values which are continued on additiona’ cards are preceded by an asterisk and a blank
space at the begimiing of the string of values contained on the continuation card.

Data cards for consecutive runs are separated by a PAUSE run control card, which
signals the end of data for one run and that further data follows for another run. The last
data set is followed by an END-DATA card signaling the end of data for the last run.

The PRLOSS card precedes each array of propagation loss versus range and follows
the parameter and array cards for a given run but precedes the PAUSE card. The plot data
cards follow the PAUSE card at the end of that data set for a given run, since they are read
directly by the plot routines and not the READIN subroutine.

Although it is possible to read in a total of thirty-six parameters and arrays, RANDI
can be run, for the large majority of cases, by merely reading in a few vasiables. For ex-
ample, if only the sound-speed profile, frequency, and sensor depth are read in, RANDI
will use preprogrammed values for the other variables and arrays in calculating the ambient
noise. The preprogrammed values are listed in the model input section of the model listing
of Appendix C. The resulting noise calculation, then, will be for the given depth, a wind
speed of § knots, moderately heavy shipping, an omnidirectional vertical beam response
function, and a 1-Hz bandwidth centered at the input frequency integrated over a bandpass
frequency response function. A 360-deg horizontal sector width, moderate bottom loss,
and a latitude of 40-deg will also be used.

The following is a list and brief description of the RANDI input variables and output
products.
INPUTS
System

Name Units

ADANF ARRAY  Frequency (kHz) and depth (ft) array
ZTG FEET Noise source depth
PHID DEG Declination—clevation angle
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Name Units
DELPH DEG Vertical half-power beamwidth
DGREH DEG Width of horizontal sector
. BERNG DEG Bearing of horizontal sector
2 BNCS Number of ray bounces
5 ABW ARRAY  Frequency response (dB down) across bandwidth
5 ARESP ARRAY  Vertical beam response (dB down) pattern
:
"" ENVIRONMENTAL
ALAT DEG Latitude for earth curvature effects
AVELP ARRAY  Sound-speed (ft/sec) vs depth (ft) profile
AHB ARRAY  Bottom reflection loss (dB) vs grazing angle (deg)
APROP ARRAY  Optional prop loss (dB) vs range (kyd) with elevation angle (deg)
and ray bundle width {deg)
NOISE SOURCES
WSPD KT Wind speed in knots
ACTIV Biological activity
HOUR HR Local time of day in hours (military)

1 RAIN IN/HR Rainfall

i SHIPD Ship density scale

3 ASHIP ARRAY  Ship density (No./10000 sq mi) vs range (nmi)

i SHLFR NM Average distance to continental shelf and surfaced sound channel

ES SHLFS Number of ships within horizontal sector over continental shelf
i and in surfaced socund channel

TARGET
>

' ZTG1 FT Target depth

g ZTGNO Number of target depths

B ZTING FT Target depth increment

i RGT KYD Range to target

RGTNO Number of target ranges

RGINC KYD Target range increment
TARG If less than 0 TARGO is a target line component in dB/micropascal,
otherwise TARGO is const in target spectrum level equation
TARGO Level of line component in dB or const in spectrum equation
TARGI Coefficient of log f
TARG2 Coefficient of (log )2
TARG3 Coefficient of (log )3
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System

Name

OUTPT
SNPLT
HFLAG
SSPLT

OUTPUT AND PLOT CONTROL CARDS

Output data control parameter
Noise plot flag

Noise plot data card flag
Sound-speed profiie plot flag

Three additional cards required after pause for noise plot

Title
Location
Date

Two additional cards required for sound-speed plot

HEADER

PAUSE

PRLOSS
END-DATA

Plots

Location
Date

INPUT DA'TA CONTROL CARDS

Used before a message statement

Used before each consecutive run except first

Used before each prop loss array

Used at end of data or before plot cards that are at end of data

OUTPUTS

1. Noise level versus vertical arrival angle with or without target
2. Sound-speed profile

Table

Noise level versus vertical arrival angle
Target signal level versus vertical arrival angle
Total sectpr noise level

Input

EXAMPLE COMPUTER RUN

) An example of a typical RANDI run follows to illustrate the input format and out-
put products. In this example both a vertical directionality plot and a sound-speed profile
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~lot are requested. The input variables are sensor depth, frequency, latitude. wind speed,
request for both plots. bottom loss versus grazing angle array and sound speed versus depth
array. Three plot data cards are also included, giving the title, location. and date. All other
parameters are automatically set equal to preprogrammed initial values.

OQutput

Figures B-2 through B-S illustrate the output of RANDI for a given set of input
data cards.

EXAMPLE OF HORIZONTAL DIRECTIONALITY

Shipping data for May 1, 1971, within a few hundred miles of the FLIP ambient
noise measurement site, were utilized to illustrate the horizontal directionality capability
of RANDI. To do this the noise field was divided into 36 horizontal pie-shaped sectors
centered at the FLIP position. The vertical arrival structure of the noise ficld was obtained
by running RAM DI with different shipping distributions each time to get the average noise
level every 10 deg. These levels were then reduced by 10 dB to get the per degree levels
and plotted by a separate DISSPLA plot routine. Four of the 10-deg-horizontal-sector

vertical directionality plots (Figs. B-8-11) have been included to demonstrate the variability
in the vertical arrival structure.
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Figure B-3. Typical RANDI noise field vertical directionality printout.
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Figure B-5. Typical RANDI sound-speed profile plot.
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Figure B-6. Per degree horizontal directionality of ambient noisc in 10-deg scctors.
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S8:1 DB SIG REC AT
00500 KHZ»

REC ANGLE

OFG.

-820135
=79.270
«764405
=73540
«70e076
=67.811
-6“09“6
=62,081
-59,216
-560351
«50.622
=444892
36,298
=27.703
-130380
82.135
79.270
76.405
73.540
70.676
67.811
64,946
62.081

$9.216 .

56.351
50.622
44,892
360298
24.439
13.380

430. FT DEPTH

R Bt e SRS R SRS IR ) B AR S AT T S S

TARGET LEVEL

DB/M PA

=248.50
=140.83
=78485
'50095
-290b6
'15009
-7.88
‘058
6.88
14.42
22.13

31,94
42.19
51.15
51.42
-247,99
=140,30
-78033
'50041
'29011
«14,55
-7033
=.02
T.44
11,99
2272
32455
42,84
52429
52429

Figure B-13. Example target data output.
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2 NAME
3 *# SYSTEM INPUT
Z:. ADANF
Rle. -
- 216
k. PHID
3 DELPH
- DGREH
BERNG
BNCS
ABW
ARESP

AN NCHOONOODDOOOOO0

c

c

c ALAT

c AVELP

c AHB

c

c APROP

c

c

o

c

c

c

C

C** NOISE SOURCE

G

C

€ wSPD

C ACTIV

c HOUR

c RAIN
" c SHIPD

c

c

RERXERSEREYRER A SR ARRERERFEEEASEREARRKBRERRAEZRERERRR S EAEK

&

RESEARCH AMBIENT NOISE DIRECTIONALITY (RANDI) MODEL =

UNITS

S »%

ARRAY

FEET
DEg
DEG
DEG
DEe

ARRAY
ARRAY

** ENVIRONMENTAL INPUTS #»

DEc
ARRAY
ARRAY

ARRAY

INPUTS ==

KT

HR
IN/HR

*

SREEEBEEAEEER R ERRERAREERRR R XS RAE R XX EBRRARXERE AR R B E RS KR KR

*sx%x% MODEL INPUTS **xe#

INITIAL

N FREQUENCIES (KHZ) AND K DEPTHS (FT)

N#K LE. 30
NOISE SOURCE DEPTH =~ 20
L/E ANGLE 0
vERTICAL HALF=POWER BEAMWIDTH 170
wIDTH OF HORIZONTAL SECTOR 360
BEARING OF HORIZONTAL SECTOR 270
BOUNCES JLE. 60 10
FREQUENCY RESPONSE(DB DOWN) ACROSS

FREQ IN BAND) 1 HZ Bw INITIAL
VERTICAL BEAM RESPONSE PATTERN

OMNI ASSUMED IF NOT INPUT

LATITUDE FOR EARTH CUF JATURE EFFECTS
VELOCITY(FT/SEC) VS DEPTH(FEET) PROFILE
uOT=REFL LOSS(DB) VS GRAZING ANGLE(DEG)
PROV 5 ASSUMED IF NOT INPUTTED
OPTIONAL PROP LOSS (DB) VS RANGE
(KYD) ARRAY WITH ELEVATION ANGLE
(DEG) AND RAY BUNDLE wi1DTH (OEG)
APROFP(1) = DEPRESSION ANGLE (DEG)
APROP(2) = RAY BNDL wDT (DE&)
APROP(2N+1) = RANGE (KYDS)
APROP(2N+2) = PROP LOSS (DB)

40

WwIND SPEED IN KNOTS 5
8IOLOGICAL ACTIVITY SCALE 0 To 10 0
TIME OF DAY IN HOURS (MILITARY) 1500
RAIN FALL 0
SHIP DENSITY SCALE 0 T0 7 5.2
+EGe 0 ~ NO SHIPS? = 7 = DENSE

SHIPPING CALIB = MPL DATA 4/2u/T1
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PATIRY atenei ey
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2

¥ ¢ ASHIP ARRAY SHIPPING HISTOGRAM ARRAY = EACH BAR IS
i c DEFINED BY 2 TO & NUMBERS IN THE )
- C FOLLOWING ORDER = RANGE IN NMs i
g{ c NOs SHIFS PAST THAT RANGE AND O
5 e BEFORE NEXT RANGE ;
§~ c NEG AV SHIPS SPEED (KT) {OPTIONAL) =12 Do
g c NEG AV SHIPS LENGTH (FT) (OPT) «300 P
2 c LAST DATA POINT IS LAST RANGE
3 c SHLFR NM AVERAGE DISTANCE IN NAUTICAL MILES 900 ;
5 c TO THE CONTINENTAL SHELF AND ;
g, c SURFACED SOUND CHANNEL WITHIN THE
& c SECTOR OF HORIZ ANGLE (DGREH) :
c SHLFS NOe. SHIPS WITHIN HORIZ SECTOR OVER 0
c CONT SHELF AND IN SURFACED SOUND :
c CHANNEL  (ATLANTIC VLAM DATA CAL) ;

s* TARGET/THREAT INPUTS #x (wHEN PROP LOSS NOT READ IN)
2761 FT TARGET DEPTH LT+ 0 NO TARGET -1

P HR  U RA)
et

AR

B o

ZT6No NUMBER OF TARGET DEPYHS 1

3 2TING T TARGET DEPTH INCREMENT

e R6T KYD RANGE TO TARGEY 3
i RGTNO NUMBER OF TARGET RANGES 1 ;
13 RGINC KYD TARGET RANGE INCREMENT :
: TARG LT, 0.0 TARGO IS A TARGET LINE :
& COMPONENT IN DB/MICROPASCAL 3
o .GE. 0.0 TARGO 1S CONST IN TARGET R
E SPECTRUM LEVEL EQU :
75 TARGO LEVEL OF LINE COMPONENT IN DB OR 3
g% CONST IN SPECTRUM EQU 4
& TARGY COEFF OF ALOG10(HZ) : :

TARG2 COEFF OF ALOG10(HZ)*»2
TARG3 COEFF OF ALOG10(HZ)=**3

ouTeT OUTPUT DATA CONTROL PARAMETER -1
+LE¢ 0 NO VIRT DIR PRINT OUT = ONLY :
TOTAL SECTOR LEVEL 3

SN°LT .LEs 0 NO NOISE PLOT 0 3

HFLAG +GE._0+0 REQ PLOT DATA CARDS 0 3
E OT DATA THAT DO NOT CHANGE

SSPLT +LE. 0 NO VELOCITY PROFILE PLOT 0

THREE ADDITIONAL CARDS REQUIRED AFTER PAUSE FOR NOISE PLOT
(ONLY ONE SET FOR EACH FREa AND DEPTH LOOP)

TYPE FORMAT EXAMPLE DATA CARD (IN ORDER}

c
(o

c

c

c

¢

c

c

(o

c

c

c

c

c

c

c

c

c

Cs* OUTPUT AND PLOT CONTROL CAKDS »#
c

c

c

(3

¢

c

c

c

c

c

c

c

c

C

g T17

c 1TLE 40A1 AMBIENT NOISE DIRECTIONALITYS! ! '
c LOCATION 13al 4020N 01715E ' ALITyst NOTE ($0)
c DATE 10A1 07 22 N1

TWO ADDITIONAL CARDS REQUIRED FOR SOUND SPEED PLOT

c

C

c LOCATIOMN 13al 4020N 01715
g DATE 10A1 07 22 71

sty Rl i 2 s
RS S
o

P a I T T S e TR e I s P VI



— —— g v = e A A S T R Tt E Do P L e A AP e 7t s P T ey W)
R e s ARt o T ST R £ TN =
s :

EEETRE RS Sk “%
; i
3 C#* DATA CONTROL CARDS »= :
& c .
- : a
% ' c HEADER USED BEFORE A MESSAGE STATEMENT
& c PAUSE USED BEFORE EACH CONSECUTIVE RUN ;
% [ EXCEPT FIRST !
@ o PRLOSS USED BEFORE EACH PROP L0SS ARRAY )
% c END=DATA USED AT END OF DATA OR BEFORE PLOT .
§~ g CARDS THAT ARE AT END OF DATA -
% C SERRRBER Rt R gk Ryt nxtnsgtxks DEGIN PROGRAM #xxansstxixsgsfxtsksan®)
: (o
& DIMENSION FRE4(11),DPTH5(29),FREG9(29)
: COMMON /COMV/ ZX,2TG,RMAX»PHID»DELPHsBNCS?»OUTPT o WSPDsDGREH,SNPLT»S !
o2 1SPLTIALAT»BERNG *HOURsACTIVIRAINI'HFLAGe2ZTGLloZTGNO»2TINC,RGT¢RGTNOSR s
i 2GINC+TARG» TARGO» TARG1 ¢ TARG2+ TARG3 9 SHIPD» SHLFR» SHLFS/COMA/AVELP (30) 3
i 3+AHB(30) )ARESP(30) ¢+ ASHIP(30) o ABW {30} ¢ APROP (30) » ADANF {30) ¢ NUMV ¢ NUMH 5
3 4 s NUMR g NUMS ¢ NUMBW , NUMP » NUMF /COMX/CX » 2BM» PHIC ¢+ ALPHAC +BION :
% COMMON HLOS(6160) rRNG(6¢60) » XANG(300) +YDB(300) o JP1 e JCNT»WINDI» TOTL :
3 11¢TOTLNe1IS1o ITST,NTSTe THRML» THRDB#CD 281+ VFLAGeBANDL(11) oFRE3(11) 2
%; 20B(11) +BANDW,LOCAT(3) +DATE(2) +AVEL1(30) ¢ ASHIL1(30),TDB(180)»TOEG(18 i
%, 30) eKPLyTRECL o TLEVs TGOPeRTCrQ(300) oW (300) » TYTLE(8) o CAPL1(8) ¢yCAP2(13) :
$‘ 40CAP3(13) ¢ CAPU(13)2CAPS(13)+CAP6(8) 2sCAPT(8) yNMS2+FREQIPHINC i
. c 4
17 DATA 1P0Z/SHPAUSE/ » IPOP/5HPRLOS/ g
& DATA 2TG/20¢/+SHLFR/9004¢/2SHLFS/0¢/1RMAX/500¢/¢+QUTPT/ =14/ :
53 DATA RADCON/S7.2957795/¢SHIPD/52/9NUMS/9/ 7
& DATA SNPLTSSPLT,PHIDsDELPHIBNCSeWSPD/¢0re00e001706¢10005¢0/ :
%% DATA (AHB(I1)oI=1,10)/04v100020¢213:6040003445050,016,509000174/ g
@ DATA DGREH/360+/ALAT/40,/9+NUMH/10/+HOUR/1500,/ ;
& DATA ACTIV/40/+BION/0¢08/9RAIN/0+0/ i
DATA (ABW(I)eX=1,4)/04000:003¢070.0/ !
DATA NUMBW/4/02TG1/=140/+HFLAG/0,0/02ZTGNO/14+0/¢RGTNO/1.0/ i
DATA (ARESP(1)+Iz104)/=904¢0.00906¢0,0/ 3
DATA NUMR/Z4/
CATA (ASHIP(I)¢I=199)793,1e94015405021502092¢27792419337/
C
c

10 CALL READIN (IPOS)
HFLG1=HFLAG
JOPTH=0
JFREQ=0

OO

SORT FREQ AND DEPTH ARRAY INTO TWO SEPARATE ARRAYS

DO 15 KDF=1/NUMF
IF (ADANF(KDF) oLE. 2.) 60 To 11
JOPTH=UDPTH+1
DPTHS5 (JDPTH) =ADANF (KDF)
G0 TO 15

11 JFREQ=JFREGQ+1
FREQ9 (JFREQ)=ADANF {(KDF)

15 CONTINUE
DO 160 L3=1¢+JDPTH
ZXSDFTHS(L3)
DO 160 Ly=1rJFREQ
FREQ=FREQI (LY
IF (LS’L“ «6Te Zl) HELAG =],
PTEST=040
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AOOOO

[z X2 X s]

g anoon

STCRE FOR PRINT OUT ARRAYS THAT CHANGE

IF (VFLAG+GT+0eD) GO TO 20

DO 20 I=1+NnMy

AVELL1(IV=AVELP(I)

CONTINUE

IF (L3+L4 «FQ. 2) CALL PRINTS

JCNT=0

JOTQI:0.0

151=0

HORZ21=1,.0E~-18

IF (FREQsLT,cN01,0RFREQ.GT+,5) GO TO %70

MULTIPLE RUN CHFCK
IF (VFLAG+En«0+0) CALL ERTHC

CALCULATE 13 BANDWIUTH FREQUENCIES
BANDW=ABW (N, ;MRW=1)

FSTRT=e5% (R ANDW4SORT (BANDWsBANDW+4 , CE+62FRF O*FREQ) )
DO 30 I=1r1}

BHS=1~1

FREG(2)=NB5«BANDW®.1

FRE3(1)=FSTRT4FRE4 ()
BANDL(I)SFUNUCABWFREG (1) +NUMBY)

CONTINUE

DETERMINE BT1OLOGICAL SOURCE
IF (ACTIV.GT.0.0) CALL BIO

CALCULAT® SHPTACE NOISE SOURCE INTENSITIES
CALL SURE

ALPHACGSALFA (4N, 00FREQ?
HORZT121,0E=18
IF(SHLFS «Eqe 0.0) 6OTO 32

CALCULATE INTENSITY/STERADIAN FOR HOR NOISE DUE TO DISY SOURCES
CALIBRATE HoR NOISF WITH VLAM DATA (ASSUME )0 SHIPS OVER SHELF
AT 600 NM)

RDIST=SHLFR«21 0.

SHLED=1042ALOGL0(1 4 +SHLFS)

RLOS==86,+15¢*ALOGIU(RDIST) +ALPHACX(RDIST%,001)

DO 31 J=1r1y

BB1=ALOGIO(FRF3(J)+46e?=,25

SLiz=1.%B81+1.16

SL2=3.3t881-6.27‘$

CORL==38,

DB(UIS=10e"10+#ALCGLO(10¢ **SL1+10¢*25L2) =RLOS+SHLFO+CORL
CALL BWIDTH(HORZI)

CONVERT TO INTENSITY/HOKRIZ DEG

HORZI=HORZI*DGRFH*.0027777
> CONTINUE

HORUB=10.*AL0G10(HOKZ2Y/,109662) +84.8856

PHRICH 1S THF HALF AnGLE WIDTH OF SOUND CHANNEL SEEN BY RECEIVER
SORSV IS SOUND SPEFU AT NOISE GENERATOR DEPTH
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‘ CX=FUNU CAVELP » 2X, NUMV) ;
PHICH=0.0 ]
SORSVEAMINL (AVELP (2) o AVELP (NUMV) ) '3
IF(SORSV +6E. CX) PHICHSACOS(CX/SORSV)*RADCON A
c ]
c SKIP RAYTRACE IF PROP LOSS READ IN :
IF(IPOS .EQs IPOP) GO TO 175 j
- c {
v IF (SNPLT.LE.0¢0 ¢ANDs OUTPT +GT. 0.0) PRINT 180 t
. ;
i CS=AVELP(2) !
= PHIC=0.00001 X
A c i
j? ¢ SEARCH FOR MAXIMUM NEAR SURFACE SOUND SPEED 2
CM=CS 3
DO 40 I=31oNUMVe2 §
IF (AVELP(I).6T+3000.0) GO To 50 3
CSAVELP(1+41) 3
IF (C.GE.CM) CM=¢ :
40 CONTINUE i
50 IF (CMJLE.CS) 60 TO 60 3
IF (CXeLToCM) PHICZACOS(CX/CM)+0,00001 1
60 PHISC=RADCIN®PHIC ¥
¢ 4
ZBMSAVELP (NUMV=1) — £
CB=AVELP (NUMV) 4
c i
< OBTAIN LIMITING ANGLE FOR BOTTOM REFLECTIONS §
e PHILIMZ0,0 4
b IF (CXeLTeCB) PHILIM=ACOS(CX/CB) i
3,99 c o %
v c INITIALIZE PARAMETERS 3
s c %
73 c PHI LooP -3
Eavt c ~§
> CALL PRERAY (0+0,0) 2
1BB=0 E
1cz=0
c g
¢ OBTAIN INITIAL ANGLE INCREMENT £
PHST=ABS (PHID)+0, S#DELPH .- 5
PHND=PHST=DELPH . %
PHINC=DELPH/20,0 R
PHI=PHST+PHINC SRR
PHND=AMAX1 (PHISC,PHND) /RADCON -k
70 PHI=PHI=PHINC G
PHIS=PHI/RADCON 3
_.-~IF (PHIS.LT.PHND) 60 TO 00 b
IF (ICZ.EG.1) GO TO 90 [
IF (PHIS.GT.P4ILIM) 60 TOo 90 i
188=1 B
PHIS=PHILIM#+,0003 3
60 TO 90 N
80 CONTINUE L
IF(ICZ «EGs 1) GOTO 100 Cn
.
3 c
£ g ORAW TROUGH IN NOISE CURVE NEAR HORIZONTAL IF PHICH oGTe o5

AND GET DISTANT SOURCE (HOR) NOISE COMPONENT

45
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AT
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I e teeie
I N S
N +

: .
4
s i
§§ JCNTZJCNT+1 o
i I151=UP1+1 :
e XANG(151)==PHICH®o7 4
kY XANG(IS5141)SPHICH® 47 L
tag YDB(151)=10e%8L0G10{10 . 2% (THROB/104)+10.,%*(HORDB/10,))+100. 1 !
ks IF(PHICH LT, «5) YDB{1531)=Y0B(JUPL) 3
53 YDB(151+1)=YDB(151) :
e TOTLI=TOTLI+HORZ1#2.#PHICH 5
& JP12JP1+43 :
2 c INITIALIZE CZ FOLDING RANGE CHECK :
b CALL PRERAY (0¢0,0) .
b 1c2=1 i
P IF(PHND .GTe PHILIM) GOTO 110 L
< PHINC=PHILIM=PHIC ¥
b IF (PHINC.,LE.0,0) GO TO 110 g
B PHINC==1,4324sPHINC ¥
& PHI=(PHIC+04001)«RADCON i
9 G0 TO 70 :
kS 90 CALL RAPATH (ICZ,PHISsDELR) i
ot IF (1C2.£Q.1) GO TO 100 @
IF (IBB.£Q+1) GO TO 80 :
- IF (DELR +GT. 1e) PHINCZ(«S5#PHING j
e GO TO 70 Pk
5 c \
A 100 CONTINUE Pog
9 IF (PHIS.LT.PHILIM) GO To 70 L
i 110 CONTINUE 3
c e
43 c CALCULATE OMNI NOISE LEVEL P
3 ¢ L
kL IF (TOTLI.LE.0.0) GO TO 171 b
b TOTLN=10,0*ALOG10(TOTLI)+184,88%0 P
=9 HORDB=HORDB+100 R
e FRE1=FREG*1000.0 i
Y PRINT 200+ DGREH,TOTLN/FREL1»ZX ot
o CANGL=2 ¢ #PHICH b
2 IF(SHLFS oGT. 040 +ANDs PHICH +G6Ee 04) PRINT 220,HORDBsCANGL !
g c -
5 c BYPASS TARGET IF PROP LOSS READ IN N
o IF{PTEST.EQ.1.0) GO TO 120 .
o C : ;?‘f
s o :
e IF (Z2T61) 120¢1300130

b3 120 IF (SNPLTeGT.0.0) CALL PLT (PTEST)

gL $0 TO 150

3 [

53 c TARGET RANGE=DEPTH LOOP

bt c

b 130 NT=2TGNO

el NRZRGTNO
k- HTST=HFLAG

L DO 140 I=1/NR

kY D0 140 Jz1/NT

5 YTzJ=1

Ui YR21=1

o> RTGERGT+YR*RGINC

3 TGDP=2TG1+YT*2TINC

- CALL TARGET

¥ae IF (SNPLT.GT.040) CALL PLT (PTEST)

= HFLAG==1,0

%é 46
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140 CONTINUE

HFLAG=HTST
150 CONTINUE
c
c PLOT SOUND SPEED PROFILE IF CALLED FOR

IF (SSPLT.GT+0.0) CALL SsSPLOT

160 CONTINUE
HFLAG=HFLG1
IF (IPOS4EQ.J70Z) GO TO 10

svopP

ot
170 PRINT 210+ FREQ
GO TO 160
171 PRINT 190
GO TO 150
¢ READ PROP LOSS INSTEAD OF CALCULATING IT
175 CALL AUXPR(IPOSsPHICHsHORZI)
PTEST=1.0
60 TO 110

180 FORMAT (///7//757X, YQUTPUT///724X13HPHY 28X ¢ 4HDPHI 0 8X ¢ SHMAX R95Xe8HLO
155(DB) »6X+5HDB Upe6Xe7HDB DOWNe3X010H1 STER COR/)

190 FCRMAT (¢ TOTLI ZERO OR NEGATIVE = GO TO NEXT CASE?)

200 FORMAT {(//6XsF7e10* DEG SECTOR LEVEL = *yF7.,2,% DB FOR'/F6.1s' HZ
IAT*9F7e1,* FT DEPTH'/)

210 FORMAT (7H FREG =¢F10¢4+28HKHZ OUTSIDE 10=500 HZ REGION)

220 FORMAT (8Xs'SOFAR CHANNEL PER STR NOISE LEVEL ='F6.1»' DB FOR'F5.1
1,36H VERT DEG TOTAL CHANNEL *LOOK® ANGLE/)
END

FUNCTION ALFA (T,F)

INPUTS

T DEG~F TEMPERATURE
F KHZ FREGUENCY
ALFA 1S THE ABSORPTION COEFFICIENT
FSQ@=F~F
FCUBE=F*FSQ
FLOG=ALOG(F)
TC=5,0%(T=32.0)/9.0
FT=(6,627C+118.0)/(TCc4273.0)
FT=21:9*EXP(2,3026%FT)
ALFAT=0.0542%EXP{1.52FLOG)
FCUT=FCUBE/32.768
IF (FCUT.L.T¢140) 6O TO 10
BF1=1,0/(1.04FCUT)
8F221,0~H4FL
GO TO 20

L0 BF221.0/7(1.041.0/FCUT)
BF1=1,0-8F2

20 ALFAMZFSG/FT#(04650531/#F T/ (FT+FSQ/FT)+40.026847)
ALFA

KETUR
END

QOO0

SFI#ALFATfBFZtALFAM
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SUBROUTINE AUXPR(IPOS.PHICH)HORZL)

. WAL M

THIS SUBROUTINE CALCULATES AMBIENT NOISE WHEN PROP LOSS IS READ
IN AND NOT CALCULATED

PN P

OO0 CGD

COMMON “/COMV/- 2X,2TGRMAX1PHID »DELPH,BNCS»OUTPT » wSPD+DGREH¢SNPLT S
1SPLTyALAT»BERNGrHOUR,ACTIVoRAINIHFLAGIZTG1sZTGNO, 2TINC 1RGToRGTNOSR
2GINC»TARGe TARGO? TARG1 9 TARG2+» TARG3 ¢ SHIPD» SHLFR» SHLFS/COMA/AVELP(30)
32AHB(30) y ARESP(30) ¢ ASHIP(30) o ABW(30) » APROP (30) » ADANF (30) ¢ NUMV ¢ NUMH
& ¢ NUMR y NUMS » NUMBW » NUMP » NUMF /COMX/CX » 2BM¢ PHIC » ALPHAC ¢ BION

COMMON HLOS(6060) ¢RNG(6060) » XANG(300) »YDB(300) s JP1 s JCNT e WINDI»TOTL
1 eTOTLN #1519 ITST ,NTST s THRML o THRDB#CD ¢ 2B1, VFLAGsBANDL(11) »FRE3(11),
20B(11) +BANDW,sLOCAT(3) 9+DATE(2) +AVEL1(30)¢ASHIL(30),TDB(180),»TDEG(18
30) oKP1s TRECL s TLEVs TGOPsRTG+Q(300) #W(300) » TYTLE(8) »CAP1(8) yCAF2(13)
UoCAP3(13) 9 CAPU(13) 9 CAPS(13) v CAPE(8) »CAPT(8) 1 NMS2/)FREQ#PHINC

A e a1 o Pl 42 # I ik s S AR Tanth R Lo A e

DATA IP0OZ/'PRLOSY/ ¢

INITIALIZED PARAMETERS ARE THE FCLLOWING

OANO OO0

TOTLI=1.0E~i8
TSIleTOTLI+HOR21*2.tPHIcH

JP1=0

HORDB = 10.%AL0G10(HORZY)+84,8856
IF (PHICH +LTe «5) GO TO 1 -
Q(1)==PHICH®,?7 |
al2)=-0(1) '
W(1)=10.%AL0G10(10, %% (THRDB/10¢)+10+ %% (HORDB/10+))+100, |
wl2)=w(l)
XANG(1)=1,
XANG(2)=1,
JP1=2

T

T 3 . AR .
i Bl SN &Y B £ G . i TR Al i ek U LB A B e AT e s % AT W

1 CALL READIN(IPZ5)
CALCULATE WIND NOISE DIRECTIONALITY FACTOR DIRS

CXZFUNU (AVELP » 2X e NUMV)
CS=FUNU(AVELP + 2TGoNUMV)
COSPH= COS(.01738¢APROP(1))#CS/CX  ° Lo
IF (COSPH,GE 14 )COSPH=14 s
PHIZACOS (COSPH) ’
EXPN=5,7294PHI

IF (PHI oL T+ +3491)EXPN=240
DCOEF=2+3FREQ=+02
IF(FREG+GT++5)DCOEF=140

DIRSZ1 ¢+ (SIN(PHI) $4EXPN=1,)*(DCOCF}

Oo0n O

Ly 2 v e
i 3 ¢ e SO, 5 AL )
“E».,f&w;'m\‘ PR B oyt R »

S

BT T 0 Ly 008 53 O pa T
RN 7 o) I
AR Sl

AN

RISAPROP(3)

SHI=FUNS (ASHI1,R] +NMS2) S

‘ PRIZAPROP (4) ‘ P

R . RECTI=1.0E=-18 b

S ise1 o
: 4 (2141 ‘

NSS2%141

l:(gSHXI(NS).LE.APROP(3)) €0 T0 &

N "

MAR (AR PR

N
bl

. [
e e
Sl B T bt e,

-
*
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i -
L.
e ¢ SELFCT RANGE INTEGRATION INTERVAL
ZIN c -~
= 10 1F (APROP (NP)=ASHI1(NS) )30020,40

i ] 20 RTEST=1.0
3 : NS=NS+2
ke 30 RIPLZAPROP(NP)
bk PRIP1=APROP (NP+1)
e SHIP1=FUNS (ASHI1,RIP1#NMS2)

4 NP=NP4+2
et 60 TO 50

- 40 RIP1ZASHI1(NS)
; PRIP1=FUNU(APROP,RIP1+NUNP)
5 SHIP1=ASHJIS INS+1)
23 NSSNS+2
e IF(RTEST.EQe140) NPSNP+2
. 50 CONTINUE

i c
5 ¢ CALCULATE TOTAL SURFACE NOISE INTENSITY DENSITY FUNCTION

b c ONI=AsRANGE+B

s c
%y RDIF=RIPi=R1 .
i IF(ROIF +EQ+0,0) GO TO 80 :
e SUIFISHIPL~SHI

24 =301F/RDIF
k- BYIND=WINDI*DIRS
e BSHIP=SHI-RIsA

e BEBWIND+BSHIP
s DNIZSHI+uWIND ~
- DNIP1=SHIPL+BWIND :
3 ¢ ;
e c CALCULATE PROP L.0SS INVENSITY REDUCTION FACTOR :
- ¢ FROM PROP LOSS = E#RANGE + F » WHERE F INCLUDES G THE LOSS

o c DUE TO THE BEAM PATTERN :
Fo ¢ 1
3 PDIF=PRIP1-FR1 o
o E=PDIF/RDIF :
2 G=FUNUCARESP » APROP (1) +NUMP) ;
é_f F=PRI=RI*E=G
g IFCABS(E) «GEe «0001) GO TO 60
% RECIZ6¢282%10e %% (=e 13F) % {0 3333%A% (RIP1#23=RI*#3) 4,528+ (RIP1#RIP1

14 1=RI#R1))
= GO TO 70

P 60 RECPE=AC./(E»2.3025) .
£ RECIZ=6+282¢RECPER (10 e %8 (¢ 14PRIP1) % DNIP1#(RIP14RECPE)=~10,%% ;
3 1(=¢1¢PRI) & (ONI*(RI4RECPE))) :
e IF(ABS(A) +GTe ¢0001) RECIZRECI=6.282¢A*RECPE*RECPE*(10s%%(mcls :
kT 1PRIP1) # (RIP1424 %RECPE) =1C o+ #% (~o 1#PRT) % (RI+2+ *RECPE) ) 4
b c }
o ¢ CALCULATE LEVEL RECEIVED FROM HORIZ SECTOR AND TESY FOR LAST RANGE ;
“ C ’
- 70 RECTISREZTI+.01758DGREH#ABS (RECI)+(THRML+SION) #*APROP(2) % ;
R 80 RI=RIP1 )
b

SHI=SHIPL
PRI=PRIP1
IF(NP,LT,NUMP) GO TO 10

o

STORE LEVEL AND ANRLE FOR OUTPUT AND GET TOTAL OMNI INTENSITY

49
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w(JP1)=10,0%ALOG1O0(RECTI/ZAPROP(2) ) +184,8¢56
Q(JPL)=APROP(L)

XANG(JP1)=APRCP(2)

TOTLI=TOTLI®RECT]

IF(IPOS .EGe IPOZ) GOTO 1

c
c SORT AND GET MINIMUM LEVEL

0

JPIMi=JURL=1

106G D0 110 K=1.JP1M1
LK+
IF(QIL) «GT«Q(K))GO TO il0
DUMYQ=G (L)
QUMYwW=W (L)
DUMYX=XANG (L)
allL)=qlK)
wiL)=w(K)
XANG (L) SXANG (K)
a{K)=pUMYQ
wW{K)SDUMYW
XANG (K ) =pUMYX

110 CONTINUE
JPIMI=JUPIMI=}
IF(JPIM1,GE«2)50 TO 100

PRINT OUT IF NO PLOT REGUIRED

IF(SNPLT.GT.0.0)G0 To 130
PRINT 200
00 120 Kz1.JP1
120 PRINT 2100Q{K)sW(K)
G0 TO 150
130 DO 140 K=1»JP1
180 w{K)=w(K)~10,%ALOGLO(XANG(K))
150 CONTINUE
200 FORMAT(//11Xs *PHI® o UXs *LEVEL (DB)?)
210 FORMAT(F15.1,F10,1)
RETURN
END

OO0

SUBROUTINE 810
C
: c THIS SUBROUTINE COMPUTES THE CONTRIBUTION OF BIOLOGICAL NOISE

? COMMON /COMV/ ZX,ZTGoRMAX?PHID+DELPHsBNCS?OUTPY s wWSPD+DGREMISNPLT S
! 1SPLT s ALAT+BERNG?HOUR¢ACTIVoRAINIHFLAG?2TG1 ¢ ZTGNO» 2TINC +RGT9RGTNO SR
! 26INC+TARG» TARGO* TARGL » TARG2 ¢ TARG3 ¢ SHIPD» SHLFR ¢+ SHLFS/COMA/AVELP (30)
30AHB(30) » ARESP(30) » ASHIP(30) s ABK (30) » APROP (30) ¢ ADANF (30) » NUMV o NUMH
& ¢ NUMR » NUMS ¢ NUMBW ¢ NUMP o NUNF /COMX/CX 0 ZBMe PHIC » ALPHAC # BION

i COMMON HLOS(6+60) +RNG(6060) » XANG(300) » YOB(300) ¢ JP1 ¢ JCNToWINDI» TOTL

12¢TOTLN»I510 TYST,NTST» THRML ¢ THRDB»CD¢ZB1 ¢ VFLAGsBANDL (11) oFRE3(11)»
20B(11) ¢BANDW,LOCAT(3) +DATE(2) »AVEL2(30) v ASHIL(30),TOB(180) »TOEG(18
30) +KP1oTRECL o TLEV TGOPeRTGr@(300) +W(300) » TYTLE(B) »CAP1(8) ¢CAP2(13)
HoCAP3{13) +CAPH(13) 1 CAPS(13) +CAPE(B) ¢ CAPT7(8) #NMS2,FREQsPHINC

50

F s s S e . -
e e B o et e LN s e
- . s oo - o e e

» ey, 4oy : L
- - P T T g L N C U
B D R A T R P L RN P e A S NP R

W ad e VO meem e e

B s hER e w3

., K
R A Y YL P T R

ARV Ty




P RANENA, L% 4 1)

S T REAT Yy DYoo J T ERC, R TP P y SR AR
St SRR R i SR i S B e S

o )

. 5 ik
L L T O T T N T e U L Y PR TRGL A0 X

ACT=ACTIV/5.0
£ 00 10 1,11
BB1=AL0G10 (FRE3(y))

3 RPN i

REL

8 IS THE DAILY FLUCTUATION

,..v..,
%z
[z X e Xs]

s

B=¢00175%(100+=FRE3 () ) #SIN(,002618% (HOUR~300,))
8101=«26,6%BB1+2¢,
BI02=28.#BB1252.64

10 0B(JU)==35,4=10+%ALOG10(10e*%(+12B101)+10,%%(,14B102) ) +B*ACT
142.%ACTIV
CALL BWIDTH (B2}

.,..-~
R “’;«. L33

CONVERT TO INTENSITY/VERT DEG/HOR DEG
BIONSACT#B2*DGREH*1 « SH32E~5

RETURN
END

O Oo0o0

o

M BRI

TR
RS

TR 2 S S A I TR R S P

-

SUBROUTINE BWIDTH (DINT)

THIS SUBROUTINE INTEGRATES THE SIGNAL INTENSITY OVER BANOWIDTH
ADD BANDWIDTH RESPONSE To NOISE SIGNAL

REAL LEVBW(11),M1sMIP1

O O0O00

COMMON /COMV/ ZX,ZT6+RMAX?PH1D+DELPHeBNCS»OUTPT»wSPDsDGREHsSNPLT ¢S
1SPLToALAT+BERNGrHOUR»ACTIVoRAINIHFLAGe2ZT6192TGNO»2TINCYRGT+RGTNOR
2GINC»TARG» TARGO» TARG1 ¢ TARG2» TARG3 » SHIPD » SHLFR e SHLFS/COMA/AVELP (3037
30AHB(30) y ARESP(30) 1 ASHIP(30) s ABW(30) ¢ APROP (30) » ADANF (30) ¢ NUMV ¢ NUMH
&9 NUMR » NUMS » NUMBW , NUMP » NUMF

COMMON HLOS(6060) +RNG(6060) » XANG (300) »YOB(300) ¢ JPL1 0 JCNTeWINDI» TOTL
12+ TOTLN2I510 ITST,NTST+» THRML o THROBoCD 9 2B1+ VFLAGeBANDL (11) sFRE3(11) ¢

; 20B(11) +BANDWLOCAT(3) sDATE(2) »AVEL1(30) o ASHIL(30))YDB(180),TOEG(28
E 30) vKP1yTRECL,TLEVs TGDPosRTGrQ(300) oW (300) o+ TYTLE(8) o CAPL (8} ¢CAP2(13)

© HoCAP3I(13)+CAPY(13)9CAPS(13)2CAPE(8) +CAPY(8) /NMS29FREQIPHINC

i3 (o

3 ¢

s OINT=0.0

39 c

2 ¢ OBTAIN EFFECTIVE LEVELS

s C

> 00 10 I=1s11

bt 10 LEVBW(I)=DB(I)=BANDL(T)
5 c

& ¢ INTEGRATE AND CONVERT TO INTENSITIES
4 c

- § 00 30 1=1010
- FIZFRE3(1)

FIP1=FRE3(1+1)

MIZ(LEVBW(I+1)=LEVBW(1))/(10,0%AL0G10(FIPL/FI))

BISLEVBW(I)=(ALOG10(FI)/ALOGLOLFIP1/F1)) s (LEV -
SMBZ3 246 7E-9%10 20 (B1/1AC) 1))+ (LEVBW(I+1)=LEVABW(I))

IF (MI.EQ.=1,0) O TO 20

3 DAL 3 ST o st SN Y M 0 A8 SV Vi bt e S i 0§ AR S B Bl e 0 4 e <

S MIP1SMI+1,0 E
7 OIN=(SMB/MIP1)*(FIP1saMIPL=F2*MIPY) g
4 60 TO 30 g
5 20 DIN=SMB*ALOG(FIP1/F1) 3
- 30 DINT=DINT4DIN §-
o3 &
: 51 5
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NORMALIZE INTENSITY TO ONE H2
DINY=DINT/BANDW

RETURN
END
SUBROUTINE ERTHC

THIS SUBROUTINE CORRECTS FOR EARTH CURVATURE EFFECTS

COMMON /COMV/ ZX,ZTGsRMAX¢PHID»DELPHIBNCS?OUTPTrwSPD»DGREH SNPLT S
1SPLTsALAT+BERNG#HOUR,ACTIVRAINIHFLAG»2TG10ZTGNO,» ZTINCoRGT»RGTNO,R
2GINC+TARG» TARGO»TARGL ¢ TARG2¢ TARG3 » SHIPD » SHLFR ¢ SHLFS/COMA/ZAVELP (30)
3¢AHB(30) »ARESP(30) + ASHIP(30) »ABW(30) s APROP(30) + ADANF {30) » NUMV » NUMH
& » NUMR ¢ NUNS » NUMBW s NUMP s NUMF /COMX/CX » ZBM» PHIC » ALPHAC ¢ BION

COMMON HLOS(6¢60) ¢RNG(6960) » XANG(300) 9 YDB(300) » JP1+JCNT e WINDI»TOTL
11oTOTLNe 1510 ITST,NTST THRMLy THROB ¢ CD» 281 » VFLAG#BANDL (11) oFRE3(11),
20B(11) »BANOW,LOCAT{3) sDATE(2) »AVEL1(30) s ASHI1(30),TDB(180)»TOEG(18
30) +KP1+ TRECL» TLEVI TGOPsRTG»Q(Z00) ;W (300) : TYTLE{8) yCAP1£8) rCAP2(13)
4oCAP3(13)»CAPU(13) 1CAPS(13) sCAPE(8) » CAPT (8) s NMS2,FREQ ¢ PHINC

OATA RADCON/S7,2957795/
DATA AB/43642464,29E7/¢ASG/43789029,00E7/rBSQ/43496390.14E7/

STORE ORIGINAL BOTTOM DZPTH FOR PLOT DATA
ZB1=AVELP (NUMV=1)

EARTH CURVATURE CORRECTION

JPAIRS=NUMV/2

ALATSALAT/RADCON

SINLSSIN(ALAT)

COSLSCOS(ALAY)

SINLQ=SINL&SINL

COSLQ=COSL*COSL

ROL=AB/SQRT (ASQ*SINLG+BSQ*COSLA)

00 10 I=1,JPAIRS

12=2%1

AVELP(I2)=AVELP(12)sROL/ (ROL=AVELP{I2=1))
AVELP(12-1)=AVELP(12’1)4(10§(AVELP(IZ'l)/‘Zo‘ROL))4((AVELP(IZ'I)/R
10L)%%2,)/3,)

10 CONTINUE

VFLAGZ1.0
ALATSALATSRADCON
RETURN

END

FUNCTION FUNS(AexsN)

THIS FUNCTION INTERPOLATES THE SHIPPING HISTOGRAM

DIMENSION Al1)

ILASTaN

1=1

IF(XeGTeA(I) JAND X LESA(ILAST)) GO TO 10
FUNS=0.0

RETURN

I1=142

IF(XeLEA(Z) «AND,XeGTeA(1=2)) GO TO 20
60 TO 10

FUNS=A(I-1)

RETURN

ENOD
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;" FUNCTION FUNU (A,XoN)

254

[ DIMENSION A(1)

o ILAST=N~1

1=1

- IF (X.6T.A(I}) Go TO 10

P FUNU=A(2)

o RETURN

£ 10 1142

3 IF (X.LE.A(I)) Go TO 20

2 IF (1.LT.ILAST) GO TO 10

& 60 TO 30

2 20 IF (A(I).EG.A(I=2)) GO To 30

b IF (X.EQ.A(I)) Go TO 30

I FUNUSA(I=1)+(A(I41)=A(I=1))/7CA(I)=A(I=2) ) % (X~A(1=2))

i RETURN

b 30 FUNU=A(Z+1)

3 RETURN

y END

i SUBROUTINE HLOSS (PHIEsR,S+DROP?GRADIHKSR)

iy ¢ -~

& c THIS SUBROUTINE COMPUTES ABSORPTION(HK)s SPREADING(HS)»

P c AND REFRACTION(HR) LOSSES. ’

e c

: c

- COMMON /COMX/ CXoZBMsPHIC»ALPHAC)BION/COMCT/CVe TANPHS

B c

5 DATA FMIN/1.0E=6/¢FMAX/1,0E12/

> IF (ABS(PHIE).LT,0.0001) 60 TO 10

s FOCUS=ABS (CV/CX#R#SIN{PHIE) *DROP)

E G0 TO 20 ;
e 10 FOCUS=ABS (CV/CX#*R*TANPHS#CV/GRAD/3000,0) -

g 20 IF (FOCUS.GT,FMIN.AND.FOCUS.LT+FMAX) GO TO 30

e PRINT 40, PHIEsR,DROP¢GRAD

g CALL EXIT

E: 30 HKSR=60,0+10,0%AL 0610 (FOCUS)+ALPHAC®S

= C

i RETURN

L c

;- 40 FORMAT (5X¢*PHIE,ReDROPsGRAD? 14EL1246) :
L END :
ko FUNCTION HSURF (NoNP) ;
C ¢
b < THIS SUBROUTINE COMPUTES SURFACE REFLECTION LOSS ‘

53 [ o :

(. € - N SNUMBER OF REFLECTIONS :
98 c NP=PATH TYPE :
3 - N
. c NP PATH REFL'S ;
e c 1 o Nel ;
5 c 2 o N !
= C 3 w N 3
b c & UD Nel 4
X c S DpP 0
£ c 6 SR 1 i
&, §
s 3
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8 DATA HS/045/ '
& c i
15 GO TO (15020,20030040050)¢ NP s
e 10 ENS=Nel T
s 60 TO 60 :
~ 20 ENS=N o
: 60 Y0 60
G 30 ENS=N+1 :
. 60 T0 60 ;
T 40 ENS=0,.0 ;
3 G0 TO 60 ;
. 50 ENS=1,0 i
N c 3
b 60 HSURFZENSsHS
5 c ]
8 RETURN i
b END
o SUBROUTINE PLT (PTEST) ;
p [ %
s c THIS SUBROUTINE PLOTS THE DIRECTIONAL AMBIENT NOISE i 1
. ¢ .
9 COMMON /COMV/ ZX,2T6RMAX¢PHID»DELPHsBNCS?OUTPT +wSPD¢DGREHsSNPLT S o3
i 1SPLT ) ALAT/BERNG?HOUR/ACTIVIRAINIHFLAS » 27619 ZTGNO»2TINC »RGT/RGTNO oR .
3 2GINCsTARG» TARGO » TARGY ¢ TARG2+ TARG3 ¢ SHIPD » SHLFR ¢ SHLFS/COMX/CX s 2BMe PH b
it 31C+ALPHAC,BION 3
b COMMON HLOS(6+60) »RNG(6060) » XANG (300) » YOB{300) » JP1 ¢ JCNT o WINDI » TOTL 5
. 13+ TOTLNsIS1oITST,NTSTe THRML » THRDB»CD ¢ 281+ VFLAGeBANDL (11) o FRES(11), 2
A 20B(11) 1BANDWsLOCAT(3) oDATE(2) »AVEL1(30) + ASHI1(30),TOB(180) »TDEG(18 ki
b 30) 0KP1 9 TRECL + TLEV» TGDPsRTG»Q(300) oW (300) » TYTLE(8) yCAP1(8) »yCAP2(13) 3
& 4oCAP3(13) 9CAPL(13) »CAP5(13) 1CAP6(8) »CAP7(8) ¢NMS2,FREG ¢ PHINC g
3 INTEGER FN 3
c 3
OATA BERNG/270./,PN/0/ ‘
H c o
£ CT=C0480,0 1
IBR=BERNG
K 1D6R=D6REH
95 DBMAX==1000¢
5 c - .
; IF (HFLAG.LT 4040 ¢ORHFLAG.GTe0e0 +AND NUMF.6T.1) GO TO 10 ;
g READ (%0160) (TYTLE(I)sI=1,8) 3
5B READ (50160) (LOCAT(I)sI=1¢3) %
ks READ (50160) (DATE(I)¢15102) 3
' 10 CONTINUE \ 4
4 ¢
3 c _SET UP AND PRINY OUT HEADINGS IF REQUESTED b
c ‘;;
> ENCODE (4001600CAPL) (TYTLE(I)e I=1/+8) 2
2 WSP1=wSPD 3
;. FRQ=FREQ#1000.0 3
. ENCODE (6412200 CAP2) (LOCAT (1) +1=1+3) oFRQ £
: ENCODE (6492300 CAP3) (DATE(3) 0 12192) 92X :
s ENCODE (640240+CAP4) WSP1,TOTLN 4
s ENCODE (6492500 CAP5) ZB1+IDGRs1BR 2
&3 IF (QUTPT .LE. 0,) 60 TO 15 -
> ; PRINT 2000 (CAP2(I)¢1=1+13) 3
o ' PRINT 200, (CAP3(I)eI=$e13) B
43 PRINT 2000 (CAPG(I)»I=1¢13) &
"} 1 54 & “%
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b

I

PRINT 206, (CAPS(1),1=1,18)

PRINT 170
t PRINT 180 ,
15 CONTINUE
IF (PieLE.0) CALL BALLPT (*PEN 2 BLACKS') {
PN=PN+1

SKIP SORT IF PROP L0SS READ IN
IF(PTEST,EQ+1.0) 60 TO 151

o0 o0

SCRT DATA AND SET MAX AND MIN GRAPH LIMITS
20 N=0

v=151-1

D0 30 I=1eJr2

N=N+L

QIN)=XANG (X)

IF (YDB(I).LE.CD) YDB(I)=CD
30 W(N)=YDB(I)

M=0

DO 40 I=IS1,JP1r2 :

MEM+L

NEJCNT=M+1

GENI=SXANG(1)

IF (YDB(I).LE.CD) YDB(I)=CD

IF (YDB(1).GE.CT) YDB(I}=CT
40 w(N)=YDB(I)

N=JCNT

L=151+1

00 S0 ISLeJP1e2

NSN+1

QIN)=XANG(I)

IF (YOB(1).LE«CD) YDB(I)=CD

Y

[

IF (YOB(I)+GE.CT) YDB(I)=CT

S0 w(N)=YDB(I)

60 M=0 i

00 70 1=2015192

2 MEM+L
=y N=JP1l4l~y :
i Q(N)=XANG(I) 3
= : IF (YDB(1).LEJCD) YOB(I}=CD i
6 70 w(N)=YDB(I) §
e C ‘§
s ¢ PRINT ANGLE AND LEVEL WHEN PROP LOSS NOT READ IN IF REQUESTED
IF (OUTPT 46T« 0,) PRINT 190,Q(1)eW(1)9Q(JP1) sW(UPY) ;
bt ¢ -
k3 =1 ¢
1 80 SUM=0,0 ;
pe-. 90 ISI+41
IF (1.,GE.JCNT) Go TO 110 :
23 SUMSSUM+ABS (@(1)=Q(I=1))
bt IF (SUM=1.0) 900100,100 5
% 100 L=JPleI+y
IF (OUTPT «GTs 0,) PRINT 190,9(I)ew{I)sq{Ll)oW(L) y
Rz 60 TO 80 .
3 110 IF (OUTPT +GT. 0,) PRINT 210 3
o3 CALL BGNPL (1) A
2 CALL PHYSOR (240,1,5) 4
CALL TITLE (CAP1,~50000+0000007¢005.5) 3
b 2
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CALL END6R (1)

CALL PHYSOR (2.0.1.%)

CALL TITLE (1H »=l('VERTICAL RECEIVED ANGLE (()DEG())$?+100,*NOISE :
1 LEVEL (()DB RE (MIPA /STR HZ())$%¢300¢7.00%.8) ;
CALL HEIGHT 1.1) i
CALL ANGLE (90,0)

CALL MESSAG(92%5¢,100,=¢7:3.2)
CALL RESEY ('ANGLE?)

CALL RESETY {('YHEIGHT') :
CALL YTICKS (2) :
CALL XTICKS (3)

CALL FRAME

CALL YAXANG (0.0)

CALL INTAXS

CALL MIXALF (*L/CGREEK?) '
CALL GRAF (=90)¢%,30¢0090.0¢CD¢10.0,CT) * .
CALL RESET ('MIXALF?) >
CALL HEADIN (CAP20100¢104)
CALL HEADIN £CAP3+1000104)
CALL HEADIN (CAP301000104)
CALL HEADIN (CAPS¢100¢104)
CALL CURYE (QeWeuPL,0)

PLOT TARGET LEVELS IF CALLED FOR AND PROP LOSS NOT READ IN ’

IF(TGOPsLE+0s0.0RsPTEST.EQ¢1.0) GC TO 130 ;
KP3=3sKP1 :
D0 120 I=3/KP3,3 :
J=1/3 i
Q(1=2)=TOEG () p
0(1=1)=YDEG(J) i

AN A Tl w B

" P TR LT BT M

[z X2 X2}

Q(I)=TDEG(J)

w(1-2)=Cp

w(1=1)=TDB(J) B
w(I)=cD $

IF (DBMAXJLT.TOB(J)) DBMAX=TOB(J) L
IF (W(I=1).LE.CD) W(1=1)=CD ;

120 IF (W(I=1).6E.CT) w(I=1)=CT
12761=T6DP
ENCODE(6402600CAPS) 12T61/RTG
ENCODE(6492700CAPY) TRECLTLEV
ENCODE(4002800CAP6) DBMAX
ENCODE (4002900 CAPT)
CALL HEIGHT (.1)
CALL MESSAG (CAP7:10008¢704.45)
CALL HEIGHT (.07)
CALL MESSAG (CAPS5¢10004¢304,25)
CALL MESSAG (CAP421000Gel04,1)
CALL MESSAG (CAP60100040403,95)
CALL DASH
CALL CURVE (QoWekP390)
CALL RESET (*DASH")
CALL RESET (*HEIGMNT*)

130 CALL ENDPL (0)

7
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'

c :
RETURN f
c ;
¢ PRINT OUT ANGLE AND LEVEL WHEN PROP LOSS READ IN IF REQUESTED P
151 1=0
[
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152 15141
JSJPL+L=] 3
o IF (OUTPT 26T« 0,) PRINT 290s G{JIsWid) eg{X)ewW(I) 3
. IF(J=3e2) 154¢153¢152 3
2 153 IF (GUTPT 46Te 0,) PRINT 190, Qidei)sWi{Jel) ¥
& 154 CONTINUE i
3 G0 TO 1iv <
% ¢ i
A 160 FORMAT f{13A5) i
. 370 FORMAT U///12%e9HD/E ANGLESXe1IHNOISE LEVELsGKsUHD/E ANGLE »5X11HM ¥
o 101SE LEVEL) p
& 180 FORMAT (148XoSHIDEG) 30XoTH:IDB)  #912XeSHIDEGH s 10X THLDH) ¢/ %
1 190 FORMAT (3XeF1608,F14.80F20.12F1%.1) ¥
iy 200 FORMAT (10X+1245.42) RS
%‘ 210 FORMAT (/7Xet x 0B RE MICROPASCALE*2/STERADIAN HZt<1ii) 3
o} 220 FORMAT ('LOCATION? s4XeB3A5»20X e YFREG (MZ)10F16,1¢ Gt} b
) 230 FORMAT (SDATE? ¢ i3Xe2A%5010Xe 'REC DEPTH (FT)?:F5142,159) N
240 FORMAT (vWIND SPEED (KT} *+F9.1012Xs *SECTOR LEVEL (DB} 1EB.is%$7) p
asolsgﬁnat CeB0TTOM DEPTH (FT)%9oFB844012Xs PHOR SEC (DEG) vo1Get AT®,Zl,? 7
s ¥
260 FORMAT (tamwm?yTyst FT TARGET ATVoFT,100 KYD 29} ¥
270 FORMAT (F7.1,% DR REC FROMYeFTels" DB SOURCES?) §
28D FORMAT iF7.3¢% DB MRX ONE DEGREE AVERAGES') %
290 FORMAT {%  TARGET DATA  §9) 3
END ;
SUBROUTINE PRINTS
¢ 5
c THIS SUBRLUTINE PRINTS THE INITIAL PARAMETERS .2
c N
DINENSION DOUT{24} b |
Fol 4
COMMON Z7COMVZ ZX» 278, RMAX s PHIDDELPHS BNCS e OUTPTo wERPD « DSREN 0 SNPLT» S
ASPLYsALAT ¢ BERNG s HOUR ACTIVe RATHo HELAG 2T6E e ZTENOr 2TINC s RGT rREINOIR
2SINC TARGs TARGO » TARS L2 TARGE s TARG3 ¢ SHIPD» SHI FR ¢ SHLES /COMAFAVELR (303
JeRHBL30) 4 ARESPU30) s ASHIP (303 o ABY L30) » APROF {307 s ADANE (30 o NUMV s NUMM
%o NUMR » NUWS » NUMBN o NUMP 3 RUMF
COMMON HLOS(6¢603 1RNGIS0607 ¢ XANG (3001 2 YOB (D0 oY ¢ JENT o WEND {5 TOTE.
X TOTLH I ISE s TYST  NTST o THRME o THRDZ 1 0l 201 » VFLAG s BANDL (323 sFRESCE1) 5
£0BE11) o BANDWoLOCAT(3) e DATE(Z) s AVELY {303 0 ASHEL {362, TDRIA83) 2702518
30) 0 KPY» TREGL s TLEY» TEOP)RTG G {300 s W {3003 » TYTLECS) s CAP11E) +CAB2{13)
HeCAPI{A3? »LAPRLILY) »LAPHCAZV o CAPE{BY s CAPT (8 s NMSZ 5 PRI G s PHINC
¢
DATA BLAHK/SH
e
¢
¢ SORY SHIPPING HISTOGRAM ARRAY
¢
T )
Kitwd
I KTKe2
32T
IFIREENUBS) 85 T0 %
GLIIZASHIP UK )
RETPIICASHIP (XL}
#4{33=20000.
Wil+y)2lngen,

B n et A . AN Do W (ot S S ¢




RN DR R T e S KA o SRS AR S

2 IF(ASHIP(K+2).GE,0,0) GO TO 1
IF(ASHIP(K+2) LE,=50,) 60 TO 3
w(l)==ASHIP(K+2)
KSK+1 ; :
GO T0 2 X :
3 wli+l)==ASHIP(K+2)
KSK+1
G0 TO 2
& Q{I)=ASHIP(K)
w(21)=20000. r
w(141)240000, :
NUMG=I+L ;

MAX=MAXO (UMY » NUMR » NUMH » NUMQ s NUMBYW)

PRINT INPUT VARIABLES

PRINT 79

PRINT 80, FRE@eZX¢2T5¢PHIDDELPHBNCS»WSPD¢DGREH,)BERNGoHOUR/ACTIV,

LRAINS ALAToSNPLT#SSPLToHFLAGP2TGL92TGNO»ZTINCoRGT sRGTNO2RGINC» TARGY :
2TARGO»TARG1 ¢ TARG2+ TARG3»SHIPD ¢ SHLFR ¢ SHLFS 3

(e N e X+ BN ¢

(g X g

PRINT 90
PRINT 100

PRINT ARRAYS

OO

00 60 JS1eMAXe2
00 10 I=1,24
10 DOUT(I)=BLANK
IF {J.6T,NUMV) 60 TO 20
ENCODE(200210+D0UT(2) 3 AVELLI(J) e AVEL1(J+1)
20 IF (J.GTNUMH) 60 TO 30
ENCODE(200110+00uUT(6)) AHB(J) rAHB(U+1)
30 IF (JoGT.NUMR) 60 TO .40

LR LA s U T VA

AT XY A r

ENCODE{20+110000UT€10)) ARESP{J) ) ARESP (J41)
40 IF (J,6T,NUMG) GO TO 50
IF {JJGE.NUMa=1) GO TO 44
SUMSWLJ) 4w (Je1)
IF (SUMJLT»55000.) GO TO 41
ENCODE (250 £300000T(14)) @(U) oQ(J+1)
G0 10 50
42 IF (SUMLT.35000,) 60 TO 42
ENCODE (250 130000uT(14)) (U2 ,0(J+1) W (W) 3
80 7O 50 ;
42 IF (5U%..T+15000,) GO TO 43 ;
ENCODE (255 2405D0UT(14)) @lU) 0@ CU21) oW (J+1)
60 T0 56
%3 gzcggségs,zso.oour(xa)) aJ) 1QCU+1) oW LU) oW (J#1)
%4 ENCODEL20+3300DOUT(24)) o(J)
56 IF (J.6T.NUMEW} GO TO 60
ENCODE$20+230+B0UT(19)) ABW(J) 1ABW(J41)
60 PRINT 320+ (DOUTIK)1K=1020)

RETURN
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70 FORMAT (////48Xevax INITIAL PARAMETERS #x'//)

80 FORMAT {BX'FREQ =t F643¢ KHZ®SX12X StF6e1? FTI6X'2T6 =0 F6,1
1' FT'6X'PHID ='F6e1¢ DEG'SX'DELPH =1F6.1' DEG'/8X'BNCS 3'F6.1¢9X
2'WSPD StF6.1' XT *SX'DGREH ='F6,1' DEG'S5X'BERNG ='F6.1' DEG!SX'HO
SUR  =OFT7,2/78X'ACTIV S'F6,109X'RAIN =F6,1¢ INZHRY'IXVALAT =¢F6el?
4 DEG'SXYSNPLY ='F6e109X*SSPLY ='F6.1/8%X'HFLAG ='F6.1,9X'2T61 ='F6
Sel? FT'6X'2TGND ='F6.199X 2TINC ='F641¢ FTI6X'RGT ='F6,1¢ KYD */
6B8X*RGTNG S*'F6e1r9X'RGINC S'F6el® KYD '4X'TARG =tF6.199X'TARGO ='F
76¢1¢9XTARGL =tF641/8X?TARG2 ='F6¢1019X?'TARG3 ='F64199X'SHIPD =?F6,
81o9XISHLFR S'F6e1? NMI'SX'SHLFS ='F6,1///)

90 FORMAT (11Xs*VEL PROFILE®»9X,*BOTTOM LOSS'¢ 10Xy *BEAM RESP?»9X*SHIP
1PING HISTOGRAM®¢11Xs *BANDWIDTH?/)

100 FORMAT ( 9Xe* FT FT/SECY+10Xs*DEG  0B'112Xs'DEG  DBYo7Xe* NM
11 SHIPS KT FTY98Xe *HZ 0B DOWN'/)
110 FORMAT (F10+1,F8,1)
120 FORMAT (24AS)
130 FORMAT (F7¢1+2F6,1¢F640)
140 FORMAT (F7.1¢F6¢106XeF6403
END

SUBROUTINE RAPATH (ICZ¢/PHIS/DELR)

THIS SUBROUTINE GENERATES RAY PATHS AMND CORRESPONDING
PROPAGATION LOSSES FOR BB AND CZ MODESe RAY PATH
COMBINATIONS ARE OBTAINED FOR UP TO NMAX BOTTOM
REFLECTIONS(OR REFRACTINONS) FOR EACH D/E ANGLE(PHIS).

DIMENSION SX(4)e ST(4)

COMMON /COMY/ ZX,2TGsRMAXoPHID¢DELPHeBNCS»OUTPTrwSPDrDGREHeSNPLT S
1SPLToALAT/BERNG?HOURsACTIVeRAINIHFLAG» ZTGL o 2TGNO»2TINCsRGToRGTNOIR
2GINCoTARG»TARGO » TARG1 ¢ TARG2» TARG3» SHIPD ¢+ SHLFR ¢ SHLFS/COMA/AVELP (30)
32AHB(30) ) ARESP(30) ¢ ASHIP(30) o ABW(30) » APROP (30 ¢ ADANF (30) ¢ NUKV » NUMM
4 ¢ NUMR ¢ NUMS » NUMBW » NUMP » NUMF /COMX/CX » 2BM¢ PHEC o ALPHAC 1 BION/COMCT/CV T

SANPHS

COMMON HLOS(6060) +RNG(6¢60) ¢ XANG(300) »YDB(300) » JP1oJCNT»WINDX» TOTL
110 TOTLNoI51¢ ITST,NTSTe THRML» THRDBCD#2B1, VFLAGsBANDL (11) »FRE3(11)
20B(11) »BANDW,LOCAT(3) »DATE(2) 1 AVEL1(30) »ASHIL(30) »TDB(180) »TOEG (18
302 »KP1oTRECL o+ TLEVe TEDPeRTG 2@ (300) oW (300) y TYTLE(8) yCAP1(8) yCAP2{13)
HeCAP3(13) »CAPU(13) 9CAPS(13) »CAP6(8) ¢CAPT(8) 1NMS2,FREQIPHING

DATA RADCON/S57.295779%/
DATA (SX(I)eXI=194)/=1600r=140014001,0/
DATA (ST(1)r12104)/=1e001e00=1:001,0/

COSPHS=COS(PHIS)

CVSCX/COSPHS

CALL VERTEX (2L0,2HI)

AF (ZT6eLTeZHIVWORe2TG46T,2L0) 60 TO S0

TANPHSSSIN(PHIS) /COSPHS

PHI=57.2968PHIS

RAYTRACE FROM SOURCE TO BOTTOM

CALL RAYTRC (PHIS»2ZX,2BM,SX8yRXB)DRXB¢PHIBOTGRADB2END)
BRL=FUNU(AHB +» RADCON#*PHIBQT 1 NUMH)

RAYTRACE FROM SOURCE UP TO SURFACE
CALL RAYTRC (=PHIS»0,002X+SXSeRXS,ORXS ¢PHIE»GRADSZEND)
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NS=0

IF (PHIE.NE«0+0) GO TO 10

IF (ZEND.NE+0<0) NS=31

ZSURF=ZEND i
10 CONTINUE {

IF (2TG+EQsZX) GO TO 20 ]

]
ZSURF=040 !
{
!

bl ok o B s e crmns v

c 1

c RAYTRACE FROM SURFACE (OR VERTEX DEPTH) DOWN TO TARGET i

CALL RAYTRC (PHIgr2SURF»2TGsSSTIRST»DRSTPHNDGRADT»ZEHD) ;

c by

| ¢ DIRS 1S THE NOISE SOURCE DIRECTIVITY |
! c :
| EXPN=S ¢ 729¢PHND i
! IF (PHND.LT¢+3491) EXPN=240 3
: DIRS=1e+(SIN(PHND) #XEXPN=1¢) 2 (2. %FREQ=~,02) §
| IF (ZEND.EQe2TG) GO YO 30 4
' WRITE (6,100) ZEND Y
GO TO 30 3

20 SST=SXS :

RST=RXS !

DR$T=DRXS §

PHND=PHIS 5

! c ;
| 30 CONTINUE 3
RE2,0%RXB=RXS=RST g

. c 4
i c LIMIT TO FIVE BOTTOM GOUNCES %
| IF (ICZ4EQeO,AND,NMAX4GY(5) NMAX=S5 &
| DO 40 N=1,NMAX %
' EN=N 4
, HBOT=040 4
; IF (ICZ+EQ.0) HBOT=EN#BRL 4
: RN=2, 0*EN* (RXB+RXS) B
i SN=2,0%EN* {SXB+SXS) i

DN=2 . 0*EN* (DRXB+DRXS)
DO 40 K=1,4

PS==SX (K)=#PHIS
IF (PSeLT+PHMIN«ORoPSe6T PHMAX) GO TO 40
RKSRN+SX (K ) sRXS+ST(K)»RST

1

oo .
" ,4\",;,‘,-““—,,‘. e
s yrtat, WIS e B Bbenb b .x{ym se b

c

c MAXIMUM RANGE CHECK

c
SKISN+SX (K) #SXS+ST (K) #5ST
1 DK=DN+SX (K) *DRXS+ST (K) #DRST

‘ c - 2
c ELIMINATE CAUSTIC BY RESTRICTING DK B,
. IF (ABS(DK)eLEe1,) DK=1. r
5 HSBZHSURF (N+K) +HBOT B
k4 CALL HLOSS (PHND,RK¢SK DK ¢»GRADT +HK) 3
. HK=HK+HSB+FUNU (ARESP ¢ SX (K ) #PHI s NUMR ) E
= CALL SUMINT (KeN,NMAX+RK,HK¢PHIDIRS) 5
k- 40 CONTINUE 5
o8 c 3
‘3 ¢ E
e ¢ DIRECT PATH %
e | 41 Ks5 e
4 SS=140 by
4 IF (2X=276) S0¢80060 )
&3 B
gg/ k3
& Jﬁ

et
%, o
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50 PN=PHIS
SX=PH1S .
GO TO 70

60 PN==PHIS

70 RK=ABS(RXS+S2RST)
IF(PN.LT .PHMINCORPN.GT+PHMAX) GOTO 80
SK=ABS{SXS+54SST)
OK=ABS (DRXS+S*DRsT)
HSSHSURF (10K}
CALL HLOSS (PHNR,RKeSK»DK*GRADT 1HK)
HKSHK+HS+FUNU (ARESP + PNoNUUMR)
CALL SUMINT (KoN,NMAX¢RKHK»PHI?*DIRS)
80 IF (K.EQ.6) GO To 90

c SURFACE REFLECYED PATH
K6
NSNMAX+2
SS1,.0
PN==PHIS
PX=PHIS
60 TO 70

90 CONTINUE
OELR=R<RLAST
RLAST=R
RETURN

ENTRY PRERAY

NTST=0

1TST=1

RLAST=200.0
NMAX=BNCS
PHMAX=PHID+0,5*DELPH
PHMIN=PHMAX=DELPH

IF (PHMINJGE. 040) ITST=2
PHMAX=PHMAX/RADCON
PHMIN=PHMIN/RADCON
RETURN

100 FORMAT (//5Xs4HZEND1EL12.6/7)
END

SUBROUTINE RAYTRC (PHIS» ZUP » ZLO»SPoRP ¢ DRDP » PHIEND » GRAD » ZNP1 )
PHIS POSITIVE MEANS DOWN=-GOING RAYs TRACES FROM ZUP TO 2L0
PHIS NEGATIVE MEANS UP=GOING RAY, TRACES FROM 2.0 T0 2uP

COMMON /COMA/ AVELP(30)» AHB(30) ¢ ARESP(30) ¢ ASHIP (30) » ABW(30) » APROP(
130)oADANF(SO)vNUMVoNUMHoNUMRoNUMSoNUMBWtNUMP.NUMF/COMCT/CV.TANPHS

AOOON

o0

RP=0.,0

SP=0.0
ORDP=040
SINPN2SIN(PHIS)
COSPN=COS (PHIS)
PHINSPHIS

N=L
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TEST FOR NEGATIVE PHISTART
IF (PHIS.LT.0.0) GO TO 20

PH1IS POSITIVEr DOWN-GOING RAY
ZN=2Up
10 NUM=N
L=y
GO0 TO 40

PHIS NEGATIVE» UP=GOING RAY
20 ZN=2L0 :
30 NUM=NUMV=N .

LLs2 A

40 AZNSAVELP (NUM?
IF ((ZNeLTeAZM) e aAND (LLoEQLL)) GO TO S0
IF ((ZNeGT.AZN) ¢AND . (LL.ERL2)? GO T0 %0
N=N+2
G0 TO (10030)c LL

50 ZNP1=AZN
IF (ABS(ZNP1=2N),LT¢04001) Gv TO 1%0
IF (ZNP1,GT+2L0) ZNP1=2L0
IF (ZNP1,LT.2UP) ZNP1=ZUP
CNSFUNU(AVELP ¢ 2N, NUMY)
CNPA=FUNU(AVELP ¢ ZNP1 s NUMV)

TEST FOR VERTEXING RAY

"IF (CNP1,GTeCV) GO TO 60
PHINPL=ACOS(CNPL/CV)

IF (PHIS,LT¢040) PHINP1==PHINP1
COSPN1=CNPL/CV,
SINPN1=SQRT(1.0=CcOSPN12COSPN1)
IF (PHIS.LT+040) SINPN1Z=SINPNI

60 Y0 70

VERTEXING RAY COMPUTATIONS
60 ZNPI:ZN*(CV'CN)/(CNPI‘CN)‘(ZNPI‘ZN)
CNPiz=CcV
PHINP1=0,0
COSPN=1 o0
COSPN1z1,0
SINPN1=0,0
70 DEE?:ZNPI-ZN

TEST FOR VERTICAL PROFILE
IF (ABS(CNP1=CN),GT+0400001) GO 7O 80

VERTICAL PROFILE COMPUTATIONS
DELRP=DEL2*COSPN/SINPN
RP=RP+DELRP

DELSP=DEIRP/COSPK

SP=SP+DELSP

G0 Yo 90

80 GRAD=(CNP1=CN)/DgL2
RHO=CV/GRAD
DELRP=RHO* (SINPN=SINPN1)

LY RS P
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RP=RP+DELRP

DELSPZRHO# (PHIN=PHINPL)
IF (DELSP.LT.0.0) ITEST=)
SP=SP+DELSP

90 CONTINUE
IF (ITESTJNE.O) WRITE (64160) ZN,ZNP1sCNoCNPLsCOSPNyCOSPNLIRP PSP
ITEST=0
TESY FOR LAST TIME THRU FOR VERTEXING RAY
IF (ABS(CV=CNP1),LT.0.00001) GO TO 120
TEST FOR HORIZONTAL ENTRANCE RAY.
IF (ABS(PHIN).LT,0,0001) GO TO 100
DROP=DROP=DELRP/SINPN/SINPN1
60 T0 iig
100 DRDP=DRDP=RHO/ABS(SINPN1)
110 CN=CNP1
ZN=ZNP1
PHINZPHINPL
N=N+2
SINPNSSINPNL
COSPN=COSPN1
IF ((2ZNP1.EQ.ZLO)«OR. (ZNPL1.EQ.ZUP): GO TO 130
IF (PHIS) 30,10010
VERTEXING RAY = MUST EXIT

120 CONTINUE
ORDP=DROP+RHO/ABS (SINPN)
PHIEND=0,0
GO TO iug

130 PHIEND=ABS (PHINP1)

140 RP=RP/3000.0
SP=SP/3000.0
URDP=DRDP/3000.02TANPHS

RETURN
150 WRITE (6,170) 2ZNpi
RETURN

160 FORMAT (1X2HZN1OX4HZNP18X2HCN1OX4HCNP18XSHCOSPN7X6HCOSPN16X2HRP0X
12HSP/8E12,.6)

170 FORMAT (//'ZNP1=2ZN='£10.4)
END

SUBROUTINE READIN (WORD)
THIS SUBRGUTINE READS THE INPUT PARAMETERS

INTEGER PAUSE ¢t PARAM/HEADER+ENDATA»PRLOS » WORD » BLANK ¢ ASTRSK 0 DOT » VNAM
1E2ANAME »SLSH,DATAYEQU

COMMON /COMV/ VRBL(31)/CUMA/ARRAY (30, 7) ¢ NUMA(7) /COMH/IHOR(16) /COMX
1/7CXeZBMePHIC o ALPHAC #BION

COMMON HLOS(6+60} +RNG(6¢60) ¢ XANG(300) ¢ YPB(300) » JP1 s JCNTeWINDI» TOTL
110 TOTLNe IS10 ITST,NTST» THRML » THROB+CD» 2B 1+ VFLAGeBANDL (11) o FRE3{11) ¢
2UB(11) +BANOW,LOCAT(3)»DATE(2) +AVELLI{30) »ASHI1(30),TDB(180) »TDEG(18
303 +KP1yTRECL ¢ TLEV» TGOP ¢ RTG1Q{300) »W(300) » TYTLE (8) o CAP1(8) ¢ CAP2(13)
40CAP3(13) 1CAPH(13) ¢ CAPS{13)+CAP6(B)yCAPT7(8) #NMS2,FREQPHINC

63




30

40

50

60

70

DIMENSION VNAME(31)s ANAME(7)¢ DATA(S)s IDATAC16), JNATA(S8))

DATA (VNAME(I)91=21,31)/5H2X 'SH2TG »SHRMAX SHPHID »SHDELPH,SHB
INCS +SHOUTPY »SHWSPD ,SHDGREH» SHSNPL T »SHSSPLT»SHALAT »SHBERNG ¢ SHHOU
2R ¢SHACTIVeSHRAIN ¢SHHFLAGISHZTGL »SH2TGNO»SHZTINCeSHRGT +»SHRGTNO
3¢5HRGINC»SHTARG +SHTARGO,SHTARGL »SHTARG2:SHTARG3 ¢ SHSHIPD #SHSHLFR,
Y5HSHLFS/

DATA NV/31/

DATA (ANAME(I) o I1=197)/SHAVELP+SIHAHB »SHARESP¢SHASHIP»SHABW +SHAP
1ROP ¢ SHADANF/

OATA NA/Z7/

UATA PAUSE +PARAM,HEADERENDATA*PRLOS »BLANK2ASTRSKeDOT/'PAUSE? 'PA
1RAMY » YHEADE* » YEND=D* ¢ *PRLOS? ) "otut, 0,0/

DATA KOMAZ'»¢/9SLSH/Y/V/EQU/ =Y/

DATA KINN/1/.KOUT/Z2/

IF (WORD,NE.PRLOS) WRITE(6:230)

P vt i e w

READ AND PRINT INPUT CARD

READ (5,240) KINNe CIDATA(IX)IXS1016)
WRITE (6,240) KOUTe (IDATACIX) +IX=1,16)
K=1

DECODE (80¢250¢ IDATA) (JDATA(UX) rJX=1,80)

SEARCH FOR BEGINING OF LABEL

D0 30 J=K¢80

IF (JDATA(J) 4EQeKOMA) JDATA(J)I=BLANK
IF (JDATA(J) .EQeSLSH) JDATA({J)SBLANK :
IF (JDATA{J) .NE«BLANK) GO TO 40 b
CONTINUE ‘
60 T0O 10

FIND THE END OF THE LABEL
00 S0 K=Je80

IF (JDATAK) .EG.EQU) GO TO 60
IF (JDATA(K) +EQ.BLANK) GO TO 60
IF (JDATA(K) EG«KOMA) GO TO 60
1F (JDATA(K).EQeSLSH) GO TO &0
CONTINUE

GO0 TO 80

PACK UP TO FIVE CHARACTERS OF LABEL INTO CONTROL WORD
KS=K

JDATA(K)=BLANK

IF (K=JeGT+5) KSzJ+4

DATA (1)=BLANK

ENCODE(10+250¢DATA) (JDATA(JIX) ¢ JX=JKS)

WORU=DATA(L)

1F (WORD,EQ+PAUSE +OR . WORD+EQENDATALOR,WQRD+EQ.PRLOS) RETURN
IF (WORD,.EQ.HEADER) GO To 210

IF (WORD_EQ.PARAM) GO TO 20

IF (WORD.EG-ASTRsK) GO Ty 200

SEE IF LABEL IS A PARAM OR ARRAY .
00 70 I=1.NV

IF (WORD.EQeVNAME(I}) GO TO 90 :
IF (I.6T.NA) GO TO 70

IF (WORD,EQ.ANAME(1)) GO TG 180
CONTINUE
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80

90

100

110
120

130

140

150
169

[g X 2]

o0 on

170

180

OO0 o0

MUST BE AN ERROR
WRITE (6,260 WORD
60 TO 220

SET UP To PROCESS SINGLE VALUED PARAMETER
ASSIGN 170 TO JAp
KIND=g

PUT VALUE STRING TOGETHER

DO 110 JzKe80

1F (JDATA{J) LEQeBLANK) 60 TO 120
CONTINUE

DO 13¢ Kz=Je80

IF (JOATA(K) .EQeKOMA) GO TU 20
IF (JDATA(K) .EGeSLSH) GO TO 20
IF (JDATA(K) JEGeEQU) JDATA(K)=BLANK
I¥ (JDATA(K) «NE+BLANK) 60 TO 140
CONTINUE

VAL=0,0

60 TO 10

NOOT=0

D0 150 J=K,80

IF (JDATA(J) JEQeBLANK) 60 TO 160
IF (JDATA(J) +EQeDOT) NGCOT=NDOT+1
IF (JDATA(J) .EQeKOMA) GO TO 160
IF (JDATA(J) ,EQeSLSH) 60 TO 160
CONTINUE

J=81

KARSJDATA(J)

JDATA (J)=BLANK

INSER] A DECIMAL POINT IF NUMBER HAD NONE
IF (NDIT,EQe0) JDATA(J)=pOT

DATA (. )=BLANK

DATA (2V=BLANK

ENCODE (1002509DATA) (UDATA (JUX) ¢ JX=K o J)
JDATA (J)=KAR

FORM THE VALUE As A REAL
DESODE (100270,DATA) VAL

GO TO STORE PARAMETER OR ARRAY ELEMENT
60 TO JAD» (1700190}
STOR SINGLC VALUE IN THE RIGHT SPOT AND GO BACK FOR MORE IF CARD N

VRBL(I)=VAL
IF (K.GE.80) G0 TO 10
G0 TO 20

SET UP To PROCESS ARRAY ELEMENTS
ASSIGN 190 To JAD

VFLAG IS THE VELOCITY PROFILE RERUN FLAG FOR CURYATURE

IF (1.,EQ.1) VFLAG=0.0
KIND=2

NX=0

GO TO 100
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190

200

210

220

230
240
250
260
270

U;DA;EINUMBER OF ELEMENTS FOR THIS ARRAY AND STORE THE VALUE
NX=NX+

ARRAY (NX, I)=VAL

NUMA (T)=NX

IF (K.GE.80) GO TO 10

IF (JDATA(K).EQeBLANK) GO TO 100

60 TO 20

IF (KIND,EQ.2) 60 TO 100

60 TO 80

READ AND STORE VHE TITLE INTO THE COMMON AREA
READ (5:240) KINN# (THDRCIX) 0IX=1916}

WRITE (6,240) KOUT» (THDR(IX)}»IXS1015)

G0 TO 10

CALL EXIT

FORMAT (:11//)

FORMAT (/%s16A5)

FORMAT (80A1)

FORMAT (//710X*ERROR IN INPUTS = t2A5)
FORMAT (F10.0)

END

SUBROUTINE SCLNCE (TMINe TMAXeND¢SNMINsSNMAX»SNINC)

THIS SUBROUTINE PRODUCES A NICE SET OF SCALE NUMBERS FOR A PLOT AX
INPUTS ARE THE DATA MIN *TMIN'»DATA MAX *TMAX'y AND THE REQUIRED N
INTERVALS ALONG THE AXIS *ND's THE ROUTINE OUTPUTS A NEW MIN *SNMI
MAX *SNMAX®» AND INCREMENT *SNINCY FOR NO+1 READABLE VALUES

DIMENSION POWTEN(7)» TICVAL({8)

DATA (POWTEN(I)91=1+73/10¢0300¢730004¢1000042100000¢,1000000.21000

10000./

ALLOWABLE VALUES ARE SOME *TICVAL' TIMES SOMZ POwWFR OF TEN
D:TA (TICVAL(T)r1=1¢8)/0.501,001e5026005.0010001540204/
DIV=SND

SET UP RQUNDING VALUE
ROUND=0.,01

ST=TMIN

IF (STeL7+0.0) ROUND=ROUND=1.0

DETERMINE FIRST GUESS AT INCREMENT
D= (YMAX=TMIN) /DIV

P=1,0

IF\(D.LT.IO.D) 6p 7O 30

REDUCE INCREMENT TO RANGE (1 = 10)
DO 10 I=2.7
IF (POWTEN(I!,.GY,D) GO To 20

10 CONTINUE
20 PSPOWTEN(I~-1)
30 H=D/P=0.01
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c FIND FIRST ALLOWABLE TICVAL
00 40 I=1.7
1821
1F (TICVAL(I).GE.D) GO TOo S0 .
40 CONTINUE .

c COMPUTE NEW INCREMENT
50 D=TICVALLIS) =P
ST=D#AINT(ST/D+ROUND)

c TEST NEW INCREMENT TO MAKE SURE DATA WILL FIT IN NEW RANGE
TEST=ST+(DIV4.01)=D
IF (TEST,.GE«.TMAX) GO TO 60
1S=15+1
60 TO 50

c COMPUTE NEW MIN AND ADJUST
60 ST=ST=AINT((DIV+(ST=TMAX)/0)/2.0)sD
IF (ST*TMIN) 70070080
70 ST20.0
80 SNMIN=ST

Cc COMPUTE NEW MAX
SNMAX=ST+D*D1V
SNINC=D
RETURN
END
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SUBROUTINE SHIPIN (SHIPI)

THIS SUBROUTINE CONSTRUCTS THE SHIPPING DENSITY NOISE INTENSITY
HISTOGRAM

bl
(s XsK2X 2}

T LA ok e T
R RS

CC**ON /COMV/ ZX,2TGoRMAX?PHID ¢DELPH,BNCSrOUTPT o WSPD»DGREHSNPLT S
1SPLT s ALAT +BERNG?HOUR» ACTIVoRAZINIHFLAG»2TG102TGNO» ZTINC»RGT#RGTNOSR
2GINC» TARG» TARGO? TARG1 ¢ TARG2+» TARG3 ¢ SHIPD s SHLFR s SHLFS/COMA/AVELP (30)
3+AH3(30) » ARESP(30) » ASHIP (30) , ABW (30) » APROP (30) ¢ ADANF (30 » NUMV » NUNH
4y NUMR ¢ NUMS » NUMBW s NUMP » NUNF

COMMON HLOS(6+60) sRNG(6060) ¢ XANG(300) » DB (300) » JP1 e JCNT» VINDI» TOTL
1I1¢TOTLNs X510 ITST,NTSTsTHRML o THRDB#CD ¢ 281+ VFLAGBANDL (11) o FRE3(11) ¢
20B(11) »BANDW,LOCAT (3) sDATE(2) » AVEL1(30) » ASHI1(30) ,TOB(180) » TPEG (18
30) +KP1+ TRECL + TLEV 2 TGDPsRTG+Q¢300) s W(300) o TYTLE(8) yCAP1(8) 1 CAP2(13)
4,CAP3(13) »CAPG(13) »CAPS(13) »CAP6(8) »CAP7(8) 1NMS2» FREQe PHINC

il

RBER iR

P

4

REAL LMULT

o0

¥20
KENUMS=2

00 40 I=1¢Ke2
INITIALIZE PARAMETERS
67
!

OO0 O

LMULT=1.0
SMULT=1.0
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c STORE SHIPS AND FIRST RANGE OF RANGE INCREMENT

i-
g

c L
RANG).2ASHIP (1) |
SHIFSSASHIP(1+1) ‘
JzJ+2 f
10 IF(ASHIP(I+2).6E,0.0) GO TO 30 :
¢ CALCULATE INTENSITY MULTIPLICATION FACTORS FOR SHIP SPEED i

AND LENGTH

IF(ASHIP(1+42) .LE,~50,) GO TO 20

ADSHP=50,#AL0G10(~ASHIP(142)/12.)

SMULT=2, 52 (ADSHP/3,0103)

=141 -

GO TO 10 .
20 ADLNG=20,*AL0OGL0(=~ASHIP(1+2)/300,)

LMULT=2.35 (ADLNG/3,0103)

12141 f

60 T0 10 :
g CALCULATE AREA AND CONSTRUCT SHIPPING DENSITY NOISE INTENSITY

HISTOGRAM

30 RANG2=ASHIP([+2) ;
i AREA=,0087266% (RANG2%22=RANG1**2) *DGREH .
! DENS=SHIPS*10000,/AREA
ASHI1(J=1)=RANG1%2,.
ASHII (J)=DENS*SHIPI*SMUL T*LMULT
40 CONTINUE

NMS2=J+1
ASHI1(J+1)=RANG2#2,

RETURN
END

SUBROUTINE SSPLOT

THIS SUBROUTINE wILL PRODUCE A TALCOMP PLOT OF A SOUND SPEED PROFY
'OISSPLAYs THE DEPTH VALUES ARE ALONG THE X AXIS AND THE VEL VALUE
THE Y AXISe THE PLOT WILL BE DRAWN ON A 8¢5 X 11 INCH PAGE WITH AU

DIMENSION LABEL(14)e X(3S)s Y(15) ’
COMMON /COMV/ ZX,ZTGoRMAX?»PHID»DELPHoBNCS»OUTPT s WSPD ¢ DGREH ) SNPLT, S .
ISPLTOALATOBERNGOHOURoACTIVoRAIN'HFLAGOZTGI'ZTGNOaZTlNCvRGTvRGTNO.R
261NC9TAR60TAR6097AR51oTARGZoTARGBOSHIPDvSHLFRoSHLFS/cOMA/AVEtP(3O)
39AHB(30)9ARESP(30)oASHIP(SO)oABU(SO)oAPROP(SO)vADANF(SO)oNUMVoNUMH
4 s NUMR # NUMS » NUMBW , NUMP » NUMF ,
COMMON HLOS(6¢60) 1RNG(6060) ¢ XANG(300) » YDB(300) # JP1 # JCNT + WINDI» TOTL !
llvTOTLNoISloITST.NTS?.THRMLOTHRDBvCDoZBIoVFLAGoBANDL(lI)aFRE3(11)p b
208(11)9BANDV0L0CAT(3)oDATE(Z)oAVEL1(30)'ASHII(SO)oTDB(lBO)v?DEG(IB i -
30)0KP1vTRECL.?LEVOTGDP.RTGO0(300)oW(SOO)oTYTLE(B)oCAPl(B)OCAP2(13) Lo
4oCAP3(13) 9CAPL(13) +CAPS(13) »CAP6(8) »CAP7(8) »NMS2+FREQ s PHINC

OATA NP/100/

NPSNP+1
NV=NUMV/2

(s XsXaNoNe]

68 A
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c BEGIN PLOT
CALL BGNPL (NP)
IF (HFLAG.LT.040,CReSNPLT+GT.040) GO TO 10
READ (5¢59) (LOCAT(I}e1=103)
READ (5¢59) (DATE{I),1I=1,2)
10 CONTINUC
ENCODE (40 70+CAP2) (LOCAT(I),1=1,3)
ENCODE(40» 80¢CAP3) (DATE(D) 01=102)
CALL TITLE (1H ¢=190+0¢0+0¢5.0+3.0)

> e T

wrwtate ae 3 badiec m

R, S ML TS
ST ARt T

(2]

c FIND RANGE OF SOUND SPEED

YMIN=6000.0
YMAXS0.0
00 20 I=1,NV
X{I)=AVEL1(2%1I=1})
Y{I)=AVEL1(2s])
IF (Y(1).GT.YMAX) YMAX=Y(I)
IF (Y(I)LT<YMIN) YMIN=Y(I)

20 CONTINUE

¢ FIGURE OUT NICE SCALES FOR X AND Y
CALL SCLNCE (YMINsYMAX»SsYMN,YNX,YINC)
CALL SCLNCE (X(1)oX(NV)s10¢sXMIN?XMAXsXINC)

w,.«~.<
e LTS “'&i_f

G Pt

o 5
bx
AR

(2 X'g]

SET UP AND DRAW THE X AND Y AXIES

CALL BANGLE (180,0)

CALL BSHIFT (4.5,3.0)

CALL GRAF (XMIN#XINCoXMAX?» YMNe YINC»YMX)

C SET UP THE REQUIRED ALPHABET
CALL BASALF (*L/cSTD*)
CALL MIXALF (*STANDARD?)
CALL HEIGHT (0.1)

CALL ZURVE (XeYrNVeO)
c MAKE AND LABEL X AXIS

XTMPSXMIN
VO 30 I=1.11
IXTM=XTMP
ENCODE (100600LABEL(13)) IXTM
LABEL(1)=LABEL(14)
30 XTMPSXTMP4+XINC
CALL XAXANG (90.)
CALL XLBAXS (LABELe1911+5¢00% $'+20000.0+0.0)

N SR b St s o 0 ot K L b B T v 200 S It 500t 1310 Nt AP0 5 HEAIAPIETAMT om0 Pl et S St o,

c MAKE AND LABEL Y AXiS
YTMP=YMN
00 40 I=1+6
IYTM=YTMP
ENCODE (30,6CsLABEL(13)) IYTM
LABEL (I)=LABEL (14)

40 YTMP=YTMP+YINC

CALL YLBAXS (LABELs1+6+3.00s? (SOUND SPEED) =~ FT/SECS$'»100:0.0+0,0)
CALL ANGLE (~180,)
CALL MESSAG ('(DEPTH) = FEET*11443,00=046) 1
CALL ANGLE (90.)
CALL RESET (*BASALF')

e

%

CALL MESSAG (CAP2¢100++1,25/,45) E

CALL MESSAG (CAP3+1009=1,00445) D i
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FRAME AND END PLOT
CALL FRAME

CALL ENDPL (0)

& RETURN

e
(o]

AL D

papt uid

50 FORMAT (3A5)

60 FORMAT (110)

70 FORMAT (YLOCATION' 14X IASe?$Y)

80 FORMAT (¢DATE'»23Xs2A50°5")
END

LN AR I

TE P TR TR T L A AL i s

SUBROUTINE SUMINT (KoNeNMAX»RKeHKsPHI#DIRS)
THIS SUBROUTINE COMPUTES THE NOISE INTENSITY ALONG EACH RAY

o000
3 B

COMMON /COMV/ 2ZX,ZYG,RMAX¢PHID 1DELPH/BNCS»OUTPTeWSPDsDGREH SNPLT S
1SPLT s ALAT¢BERNG P HOUR yACTIVIRAINI/HFLAGY 2TG192TGNO» 2ZTINCYRGT/RGTNO,R
2GINC»TARG TARGO ¢ TARGL s TARG2 ¢ TARG3 s SHIPD» SHLFR o SHLFS/COMA/AVELP{30)
3vAHB(30) ) ARESP(30) 1 ASHIP(30) » ABW(30) + APROP(30) ¢ ADANF (30) o NUMV ¢ NUMH i
4 s NUMR » NUMS o HUMBW , NUMP » NUMF /COMX/CX 9 2BMo PHIC » ALPHAC 1 BION

COMMON HLOS(6160) rRNG{5960) » XANG(300) » YOB(300) »JP1 e JCNToWINDI» TOTL
11eTOTL Mo IS1eITST,NTSTs THRML » THRDB2CD 9281 VFLAGYBANDL (11) ,FRE3 (11},
20B(11) +BANDW,LOCAT(3) +DATE(2) AVEL1(30) 0 ASHIL(30),TDB(180)»TREG(28
30) oXP1eTRECL TLEVe TGDP¢RTGr@(300) »W (300) , TYTLE(8) »CAP1(8)9CAP2{13)
4oCAP3(13)rCAPU(13) ¢CAPS(13) s CAPE(8) »CAPT(8) +NMS2¢FREQe PHINC

ST

OATA RADCON/S7.2957795/

2,7 245 elurng

TEST FOR FIRST BQUNCE

[ X 2 ¥ 2] (2]

IF (NTST,EG.1) GO TO 10
NTST=L
DOWNI=0.0

: uPlI=0,.0
10 ABSFI=ABS(PHINC)
RG=RK

SHIP1=FUNS(ASHI1,RGrNMS2)
REABS{RNG (KoN) =RK)

1F (RKeEGe0e0sORRNG(KIN) eEQe040) DR=5.0

HL=.5‘(HK+Hh°S(K.N))

HLOSA{K e N) =HK

BNE{K.N)ZRK

or A Eu s chlaly et SRR LA W S 6 WS L AR et Bk g S

TESY FOR FIRST TiME THRU

IV

IF CITST.EQeleANDsXEQeb) GO TO 70

IF {ITST.EGs 2 «ANDs K ¢£Ge 2 +AND, N Ege NNAX) GO TO 70
IF (ITST.GE«1} Go TO 50

AREAZOGREH® 4008 734DR4 (2,4 0*RG+DR)

XZZ2AREASD S5x2{HL/3,0103)

e B AL
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WREC Y2 XZ2eWINDINDIRG
SRECI=KZZaSHIFL
TOTISHRECT4SRECY
iIF IK.GE, 3) 60 19 20
QOWNI=DOR T+ 10T
50 YO 39

20 UPIsUPI+TOTI]
PHUP=R»PH]T

33 CONTINUE
IFAK «EGe 2 oANDe ITST EGe =l JAND, & .28, NMAX) Q0 7O 81
IF {KJNE.8) 68 Ty %9

31 CONTINUE
NT&TE)
LOURE=DOWRI+t THRMLGBTONIxARSE T
UPIRUPTS (THRML OB LON) mARSE Y
TOMLI=TOTL IADORNT$UPT
OBONZ LU DeALOGIO(DOYNT Y4 L8B4 45056
QBUPSI0.0rAlOGAD(RT 2 48,5858

NORMALIZE LEVEL TO ONE STERAD AND STORE ARRAYS FOR NOISE PLOT
WENT2JINT+1

CALCULATE PER SYERADIAN CORRECTION FALTOR
ADDB==10, 04400610 L ABSF 1#C0S {PHI/RADCON) %, 109662)
JER2RJCNT ]
JPledeld
EANG LI SPHUP
YOB{JY=0RUP+ADDB
XANG (IR LY =PHY
Y08 (JPII=DBONFADDE
80 COMTEINUE
IF (SNPLT.6T.0.0 oGR, OUTPT LLEe 0.0} GO TO 50
PRINT %Gy FHE»PHINC e RMG (o NMAX) 1 HLOS (4 o NMAX) ¢ DBUP » DBDN, ADTB
8¢ RETURN

T0 1TSTRG
IF (K £Go 2) I7gTney
RETURN

96 FORMAT (16X28F32.3)
END

t
SUBROUTERE SURFI

THIS SUSROUTINE CALTULATES THE INTENSITRES OF ALL THE SURFACE
NOISE GENERATORS ‘ ® SURFace

COMMON /COMY s 2XuZYG»ﬁMhX#PHIDoDELPH:%NCS!OUZPT#&SPOFQGREﬂo NPLY
ls?L?vﬁLfTaBERNEOHOUR;ACYLVthENOHFLAGrzfﬁleZTGNQaz?ENCvRGTngTkozg
ZGIﬁCnTﬂRGvTARGBrTAﬂGl’T3R62nTﬂR650SHXFDygﬁLFRsSNLFS/COMA/AVEtP!EG}
SoAHB(Bﬂ);ARESP(SO);ﬂSHIP(30}¢A8W(3ﬁ)pAPRGp(SﬂitﬁﬂﬂNF(30)oNUMV.NUMH
“rNUMRvNUMSvNUMBH.NUMPvNUﬁFitomxlcxaZBMnPHIQvﬁLPHACrBION

COHMOY HLQSﬁ&nﬁO)rRNﬁ(Sv&U?aX&NG(SDG)rYOB(3&B$0MPloJCN7'NEHDIc?GTL
ﬁlﬂTOf&NvISitXTS?aN?ﬁYfTH&Nh#YHRDBDCD:Z%l:VFL&GoEAHDL(111oFRE3(11)¢
nDﬂ(lﬁb93AN0H¢LOCAT(38:DAT€€23rﬁVELi(30):ASNI&(30P¢?QB(1803:TDE$(18
501uMPlrTRECL;TLEV»TGDP:RT@00(300}awi300)oT?YLE(SépﬂﬁPRC&)oCAP2(13)
4»CAP3€13)oCAPM?la)oCAFS(ia):Cﬁpﬁﬁﬁﬁ'GAP7(8)0NMSEQFR£QrPHINC
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WINT» RAINI AND ASHIP(2N) ARE SOUND INTENSITY DENSITIES DUE
TO WIND» RAIN AND SHIPSe (WATTS/M*%2)/KYDS*#2 }

PRV A

OO0

00 10 J=1,11
BB1=ALOGL0(FRE3(J)) {

10 0B(J)=BB1#(4,2248B1=33.4)=10.9 j
CALL BWIDTH (THRML)

ESTABLISH LOWEST THERMAL LEVEL/VERT DEG/HOR DEG

OO0

THRML=THRML*DGREH#*1 + 5432E=5
THRDB=10,0*ALOG10( THRML+EBION) +84.,8856

ESTABLISH MINIMUM SCALE cD FOR NOISE PLOT
AND CONVERT TO DB/MICROPASCALS

F e r e WINORL A

OoOOOon

¢D=20, H
IF (THROBJLE.~80,0) CD=1Q. B
IF (THRDBR.LE.~90,0) ¢cD=0,0

IF (THROBoLE«~100.0) CD==10.6
IF (THRDB¢LE+=110¢0) CD==20,.,0

WINT=0,40 ;
IF (WSPD.EQ.040) GO TO 30 ;

WMULT 1S WIND SPEED DEPENDENCE

(e X2 Xg]

WMULT=¢ 065%NSPD*4 o7 i
VO 20 J=1,11 ;
8B1=ALOG10 (FRE3{J)) ;
CORW IS THE SLOPE AND LEVEL CORRECTION FOR SURFACE NOISE SPECTRA :
EXCEPT SHIPPING NOISE

OO0

CCRW=29,6%10 2% (1 ,43E=52FRE3(J) *x%x1.54) i

wLEVi==18,*BBl=4, !

WLEV2=9.66%BB1*BB1~43+994BB1+23+33
20 0B(JISWLEVI+(WLEV2=WLEV1)*WMULT+CORW

CALL BWIDTH (WINT) ; :
30 RAINI=0.0 ‘ i
IF (RAIN.,EQ+0.0) GO TO S0 ;

(e NeXgl

CALCULATE NOISE DUE TO RAIN b

ARAIN=ALOG1O(RAIN) :
U0 40 J=1,11 ¢
BB1=ALOG10(FRE3(J)) g
CORW=,0667%BE1*%*4+1064+29,64 :
40 OB{J)SCORW+5,5#BB1414.5%ARAIN=49,S
CALL BWIDTH (RAINI)
50 WINDI=WINT+RAINI

CORL IS THE MODEL DISTORTION FACTOR FOR OMNI SOURCES .

(2 X9 Xg]

IF (SHIPD.EQ.0.0) GO TO 90 ;
U0 60 J=1.11 :
BB1=ALOGL0(FRE3(J) =2, #SHIPD+12,.) i
CORL=18+xFREQ+8¢ 7444 ,*SHIPD 3
SL1==1.0#BBl+1.16 :
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66 CONTINUE

70 CONTINUE

90 SHIPI=0.0

10 DB(J)=TARGO+TARG1*BB1+TARG2*EB1*+2+TARG3I*BB1#%3

I SN st T e T
FEREERRR  RRR e

SL2=3,3%8B1=6.274 ’
DB (J)==15,=10.%AL0G10 (10, ##5L1+10%55L2) +CORL
IF(SHLFS oLE. 0¢0) DB(J)=DB(J)45,

CALL BWIDTH (SHIPI)

CONSTRUCT SHIPPING DENSITY NOISE INTENSITY HISTOGRAM
CALL SHIPIN (SHIPI)
RETURN

GO YO 70
END

SUBROUTINE TARGET

THIS SUBROQUTINE COMPUTES THE DIRECTIONAL SIGNAL
LEVEL RECEIVED FROM A TARGET

COMMON /COMV/ ZX,2TGoRMAX+PHID»DELPH)BNCS»OUTPT» wSPD,DGREH ¢ SNPLT»S
1SPLT+ALAT ¢+BERNGrHOURIACT IV RAIN HFLAG*ZTGLZTGNO,ZTINC/RGTIRGTNOIR
2GINC»TARG» TARGO» TARG1»TARG2+» TARG3 ¢ SHIPD» SHLFR» SHLFS/COMAZAVELP (30)
3sAHB(30) )ARESP(30) ¢+ ASHIP(30) +ABW(30) + APROP(30) + ABANF (30) » NUMV s NUMH
goNUMRoNUMS'NUMBW.NUMP.NUMF/COMX/CX'ZBMvPHICvALPHAC'BION/COMCT/CVvT

ANPHS

COMMON HLOS(6:60) sRNG(6+60) » XANG(300) +YDB(300) » JP1 s JCNToWINDI»TCTL
110 TOTLNrIS12 ITST,NTST» THRML » THRDBrCD92B1+ VFLAGsBANDL(11) »FRE3 (11213,
20B(11) »BANDW,LOCAT(3)»DATE(2) »AVEL1(30)»ASHIL1(30),TDB(180),TDEG(18
30) 1KP1+TRECLy TLEV» TGDPeRTG»Q(300) +W{300) » TYTLE{8) yCAP1(B) »CAP2(13)
4sCAP3(13) ¢ CAPU(13) »CAPS5(13) #CAPE(8) »CAP7(8) 1NMS2,FREQ/PHINC

DATA RADCON/S7.29577/

CXZFUNU(AVELP ¢ ZX,NUMV)

CTG=FUNU(AVELP» TGOP s NUMV)
PHITG=0.,0001

IF (CXeLELCTG) PHITG=ACOS(CX/CTG)
TOEG{i)=90,

T0B(1)=-300.

KP1=1

UP=1.0

RUN=0,0

YLAST=0.0

TRECI=1.0E-30

PRINT 230

IF (TARG.LT«0.0) G0 TO 20

o

CALCULATE BROADB, ND TARGET ENERGY

DO 10 J=1,s11 %
BB1=AL0G10 (FRE3(J))

g s
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o000

60

70

[a X2 N 2]

CALL BWIDTH (TRGTI)

G0 T0 30
TRGTI=3.246TE~9%100 2% (TARGD/104)
CONTINUE

TLEV IS EFFECTIVE TARGET LEVEL IN OB
TLEVZ104#%ALOGI0(TRGT] ) +84.8856

FIND BOTTOM GRAZING ANGLE
PHIBMZACOS (CX/ZAVELP (NUMY))

PHILSDELPH/ (24 0%RADCON)

IF (RGT.GE«300.) 6O TO 200
CZ=-1.0

ITEST=0

DPHIZ=,0%

TINT1I=1,0E=35

IR=0

XTRAB=0.+0

TEST FOR RAY WITHIN ACCEPTABLE ANGULAR LIMITS

IF (PHI1.GT.PHIBMsANDCZ,CT.0.0) GO TO 180

IF (PHIL.LTe0+000RWPHILGLTPHIBMANDCCZWLT.040) 60 TO 200
COSP1=COS{PHIL)

CV=CX/COSPL

CALL VERTEX (ZL0,ZHI)

YEST FOR RAY UNAGLE TO REACH TARGET DEPTH

IF (ZLOWLT o (TGDP454) OR+ZHILGT+ {TGDP=5,)) GO TO 160
TANPHSETAN(PHIL)

CALL RAYTRC (=PH11+0.0s2Xx7SLsR3/DROPLIPHNDL»GRADLYZENDL)
CALL RAYTRC (PHND1¢ZENDL,TGDP¢S2)R2¢DRDPZPHND2GRAD2+ZEND2)
CALL RAYTRC (PHILsZX,ZBM,SOsR320RDPZ,PHND3 s GRAD3,2ENDS)

TEST FOR RELATIVg POSITION OF TARGET
1IF (TGDP«2X) 60960+70

TARGET ABOVE RECEIVER
RG1=2,*R2

RG2z=24* (R3+R1~R2)
RSUP2R1=R2
RSON=R1-R2+2,*R3
El1s1.0

£2204.0

G0 YO 80

TARGET BELOW RECEIVER
RG1=2.%{N2+RL=R2)
RGZ=2.*R2

RSUPSR1+R2

RSDN=R2~R1

E120.¢

£221.C

TEST FOR UP~-GOING OR DOWN=GOING RAY

R
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80 IF (UP) 90090¢100

DOWN GOING RAY

90 RSTRT=RSON

Fi=1.0
F2=0.0

60 TO0 10
UP GOING RAY

100 RSTRT=RSUP

Flz20.0
F221.0

110 SIZESRG1+RG2

120
130

140

150

160

170

CALCULATE NUMBER OF CYCLES TO TARGET

IF (ITEST.EQ+0)} N=(RTG=RSTRT)/SIZE
YO=N

RNODE=Y0#SIZE+RSTRT

1TEST=1

TEST TO GET THE SAME NODE AS FIRSY TIME THRU AND LOCAYION OF
TARGET IN CYCLE

IF (IR) 1300120¢140

IF (RNODE+RG1=RTG) 13001300140
RNOD1=RNODE+RG1

G1=1.0

IRZ==1

G0 TO 150

RNOD1=RNODE

G1=0.0

IR=1

CONTINUE

TEST FOR RAY WITHIN RANGE INCREMENT

DR2=RNOD1=RT6G -

IF {DR2) 160,170,170

PHI1=PHI14DPHI* (1,0+PHI1#4135(1.4C2))
60 70 S0

CALCULATE LOSSES

CONTINUE

ITEST=0 !

SNOD1=24 Y03 (S14S3)+E18(S1wS24F1524283) +E2x (S24S1x (F2=F1) ) 424261 % (
1E19S24E28(S3451-62))

FNOD1=2.#Y0* (DRDP14DRDP3) +E14 (DRDP1=DRDP24F1%2,2DRDP3) +E2% (DRDP2+D
1ROPL#(F24F1) 142261 (E1*DRDP2+E2s (DRDP3+DORDP1=DRDP2))

CALL HLOSS (PHND2/RNOD1.,SNOD1+/FNOD1»GRAD2¢/HLOSL)

TEST FOR BATTOM BOUNCE

BLOS=0.0

SL0S=0.0

1F (ZEND3.GE.2BM) BLOSZFUNU(AHB»PHND3#RADCON + NUMH)

IF (ZEND1+LE.0.0) SLOS=Y(Q*.5
1XF (UPWLE«0e0sAND ¢ TGOP o LE«ZX4sCReTGOP,GE+ZXAND4sG1,EQ.1+0) XTRAB=1,
0

PHI=«UPxPHI1#RADCON

TLOSS(Y0+XTRAB) *BLOS+HLOSI4FUNUCARESP ¢ PHI # NUMR)

75
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10 N=N+2
IN=AVELP(N)
1F (ZNJLT.2X) GO TO 190
NST=N=2

¢ SEARCH UP

ZNP1ZAVELP (N)
CNP1=2VELP(N+1)
N=NST

20 ZN=AVELP(N)
CNSAVELP(N+1)
IF (CNGE.CV) GO TO 30
CNP1=CN
2NP1=2N
N=N-2
IF (NJGT.0) GO To 20
ZH1=G,0
G0 To 50 :

30 GRAD=(CN=CNP1)/(ZN=ZNP1) ;
IF (GRAD.EQ«0+0) GO TO Uy ’
2ZHI=ZNP14+(CV=CNP1) /GRAD ‘
G0 TO 50

40 ZHI=ZNP1

E c SEARCH DOWN 3
S0 CONTINUE ;
ZN=AVELP(NST) :
CNSAVELP (NST+1) j
3 NENST+2
60 ZNPI=AVELP(N)
CNP1=AVELP{(N+1)
IF (CNP1.GECV) GO TO 70
CN=CNF1
ZNuZNPL
N=N+2
IF (NJ,LT.NUMV) Go TO 60
ZLOZAVELP (N=2)
RETURN :
é 76 GRADZ{CMP1=CN}/(ZNP1=Z1{) i
IF {GRAD.EQ.0.C) GO TU by |

ZLO=ZN+(CcV=CN) /GRAD :
RETURN :
80 2ZLO=2N :
RETURH
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DEPARTMENT OF THE NAVY

OFFICE OF NAVAL RESEARCH
875 NORTH RANDOLPH STREET
SUITE 1425
ARLINGTON VA 22203-1995

IN REPLY REFER TO:

5510/1
Ser 3210A/011/06
31 Jan 06

MEMORANDUM FOR DISTRIBUTION LIST

Subj: DECLASSIFICATION OF LONG RANGE ACOUSTIC PROPAGATION PROJECT
(LRAPP) DOCUMENTS

Ref: (a) SECNAVINST 5510.36
Encl: (1) List of DECLASSIFIED LRAPP Documents

1. Inaccordance with reference (a), a declassification review has been conducted on a
number of classified LRAPP documents.

2. The LRAPP documents listed in enclosure (1) have been downgraded to
UNCLASSIFIED and have been approved for public release. These documents should
be remarked as follows:

Classification changed to UNCLASSIFIED by authority of the Chief of Naval
Operations (N772) letter N772A/6U875630, 20 January 2006.

DISTRIBUTION STATEMENT A: Approved for Public Release; Distribution is
unlimited.

3. Questions may be directed to the undersigned on (703) 696-4619, DSN 426-4619.

R F IR,
BRIAN LINK
By direction



Subj: DECLASSIFICATION OF LONG RANGE ACOUSTIC PROPAGATION PROJECT
(LRAPP) DOCUMENTS

DISTRIBUTION LIST:
NAVOCEANO (Code N121LC — Jaime Ratliff)
NRL Washington (Code 5596.3 — Mary Templeman)
PEO LMW Det San Diego (PMS 181)
DTIC-OCQ (Larry Downing)
ARL, U of Texas
Blue Sea Corporation (Dr.Roy Gaul)
ONR 32B (CAPT Paul Stewart)
ONR 3210A (Dr. Ellen Livingston)
APL, U of Washington
APL, Johns Hopkins University :
ARL, Penn State University
MPL of Scripps Institution of Oceanography
WHOI
NAVSEA
NAVAIR
NUWC
SAIC



(1) TON3

. 61 ANV ST STVRIAS SYTONASNYIL 9.6¢ ON
9 Al101B10QRT YoIBISIY [BAE a[qe[ieasu
a QZL 1eotc T A AN HOHONY HOUNHO-dI'TA 40 NOLLVYCI TV [aee al uoday TeD AISN
4 w \m Ib{ q Py ANV ITANNOIMAN 430 SINFWNTINSVIN ey <
7 /L JuUoLd
a i MZ 6190¢L SWAISAS 191emIopur) [eaeN| FSION-LNIIGINY AONANOTIL-MOT ANV DINOSVIANI v d LIy AL OSON
REICS) Xdagnol WOYd SOLLVY ASION
L T'19 “q 4 ‘s8uao a[qeieArU
f €559150aV $190¢ SWISAS 13)emIdpup) [eaBN| -QL-TYNOIS ANV SSOTNOILVOVJOYd 40 SISATYNY _ a'd SEHeo e f
) saL10)eIOqE ] A g
n AN -6£798L0AdV | €190¢L yoreasay asnoySunso IT HSVHd ~AVIIV TVILLYAA ddVa1 H D 'ssuof ¥9
SIAVHD AJLINAHLVL
‘d1o) uedsye g Y ‘oysoro J1qe[ieAru
a Lyo19L0av £1908L O 1% DNIZLLIDIA A0A WALSAS DLLVIWOLNV-INGS 7 00108 19 n
ERVEIRN
n aN 1090¢L UBASQ) 10} 19US7) ey () NV1d ISIOYIXH JOHONY HOYNHD slqejreaeu) 1T0-ON
P0URISS Stisydsouny HONVINIOLIAd ANV NOILLINIDSAA
n 09¥£9L0AV 1090¢L pue aulejy Jo [ooyds . DS ‘wiqne(g slqeftearur)
[OLISUBSOY ‘TR JO AYSIBATIN SWHISAS ‘H1LON TVIOINHOAL Od4ddVvo HOYNHD
XIAINO0I
A101810q0R ] [D1BISIY JeAL ‘M S ‘[reusIe J[qQe[IeARBU
f LebLesoav 1090%L T 4 PAPN NI SHHAO0™d ASION-OL-"TVNOIS ANV FSION INAIFNY M S TEHSIEN e n
‘ ERIETGN
n N ‘SN 10S0¢L UEO() 10§ I21US7) AIMEIN (N) NV1d as1ouax4d 1vad TIVNOS s[qeftearun) ZIONVIdON
(SAVENAS)
201 ogderdouras(y ear T ‘OSnOIDAM ue 21qejIieARYU
1 0L079L0AdV 10S0¢L 13O d14 O [eABN WALSAS DNITIA0¥d OTYLINAHLYE OLLAHLNAS U | PIAM UBA 1qe[! n
TAAONW
19)U3)) ISIAPU[ [eAR vV Y ‘pesde JlqefieAry
n 26909.0av 10v08L e PUM1[eAeN ALI'TYNOILLDHEIA ASION INHIGINY HOAVASTY [ IANVY viay M 19 n
] oydadvo N
*2UJ ‘S9]1B100SS 1apue s|qerieAru
n 09£59.L0aY S1E08L ! ) v I HOUNHD Y04 VIVA IONVITTIHAENS ONIJIIHS 19 1epurs 19eT n
n aN LTT0¢L "0U] ‘S3Je1008SY JIey SHLLISNIJ DNIddIHS INV1LSVH Te s °1 [ ‘uamog 7-€L 1da1 gy
n $¢09750av 0TT0eL "ou] ‘SWIJSAS IS)BMISpU() HSION NVHD0 J0 SISATVNY TVOLLSLLVIS Te 1@ “f d osy Ilqerteaeuf)
ERIEIN )
n aN 0120¢L e85 10§ 193Uy AInepy (N) 14OdAY SISdONAS OdddVvD HOMNHD dqefreaeu) C10-DN
3D SINFWAOTdAd ANV SNOLLVDILIIDALS . .
¢ ‘T’ 19 Capmy o 9 I .V m
1 [AN-18195L0aV ) SO10EL SWOISAS JojemIopur) [EAEN {(SEYIN) IWELSAS AONH DILSN00V ATIO0N 1?1970 d WEH| LSyy 'ON AL OSAN
So0loS oHeydsouny LIOdTY SISAONAS LSAL I3V1d
n §6689L0AV 1010¢L pue JuLRIA JO [00YdS ) ‘e 19 ©) °Q ‘uiqneq JlqerteAru)
[OSUASOY “THIeTHy JO AYSIaATU[) LI410¥d NOLLYOVIOUd DILSNODV ADNVY ONOT
£L61 JHGINHLIAS
n 068750V 1010€L oy ‘somureuA ¥-d| ANV 1SNONV ‘ASIDYIXT JOHONV HOYNHD ‘4D¥N0S ‘d D ‘1reouerg J[qeqreaeury
IILS1I00V MO SIHSOYLIA ‘1H90dTd NOISSINSNVIL
1qepeA e 10)euIsLl
*Sse|) Aimqepeay ed (10eur5HO) ML Joginy [euosidg | dquiny yioday
3ua1In) ‘qng J01nog wonedqng

sjuswindog ddvd payisse|daq




